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ADVERTISEMENT 

To this Edition* 

THE fale of Four numerous Editions of 
this Book fince 1750, when it was firftpub- 
liflied, is no fmall proof of its utility ; and, 
tiotwkhftanding feveral books have been 
publiftied upon the fame fubjeft, the de- 
mands for it have not decreafcd: which 
motives have induced the Editor to prefent 
the world with this New Edition. Sdlutions 
are given to the Problems unanfwered in 
the other editions. 

A Supplement is added, which (hews 
how to expunge feveral unknown Quanti- 
ties, with the Method of Infinite Series. It 
alfo contains Solutions of Equations of the 
higher Order, and a choice Collection of 
Diophantine Problems, &c. 

JuneSd, 1802. 
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THE AUTHOR'S PREFACE 

To the Third Edition. 

TO THB SCHOOL-MASTERS OF GK£AT BRITAIN, ANX^ 
ALL LOT£BS OF MATHEMATICAL LEARNING* 

Gentlemen, 

MANY and great are the advantages that arife 
from the knowledge of common arithmetic onij^ to he 
mader of which requires a great deal of time SMid pradice; 
but Algebra fo far exceeds it, that, were it not but that fome 
fenfible progrefs mufl be made in the former, it ^ould 
hardly bear any compariibn with the latter. 

It may, indeed^ be thought a needlefs, and no lefs vain^ 
attempt to offer any thing of this fort to the public, that 
has already been treated of by fo many eminent authors* 
as if more could be faid upon the matter than has already 
been done. But it is to be obierved^ that the following 
work is defigned only as a preparative to the right under* 
Handing of other authors j-fo that, perhaps » upon due con- 
fideration, the undertaking may be found to be neither im- 
pertinent nor improper : for the queftion is not. Are there 
not books enough extant? but. Whether the generality of 
them are fit for learners, fo that they may be capable in a 
fhort time, of themielves, to folve queftions without the 
help of a mafter ? This^ I think, is the grand point to be 
conCdered, 

I do not mean in the lead to leflen thofe authors, for 
whofe works I would ^^ tliought to have the higheft re- 
gard; but, from the litt)^ progrefs that moft make who un- 
dertake to learn Algebra barely .by book, one would con* 
dude (and that without the leail detradtion), that the 
rules, inflrudlions, and examples, are not Co plainly fuited 
to the capacities of learners as. could be wifhed^ 

A great many are very arttoitious to purchafe for their 
very firft book fome great and noted author (and indeed 
fuch mud be confulted, if we would become maders of any 
art or fcience) ; but it is acommon-millake ta think they 
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▼1 FREFACB. 

are bed, and moft to be depended upon in the rudiments or 
fuodamentdl principles of fuch arts or fciences* It is evi- 
dent there is fomething more in this than barely aflerting 
it; for if it were fo, what (hould be the reafbn that fo piany 
inferior authors (perhaps of ten times lefs knowledge in the 
art or fcience itfelf ) have written, and do ftill continue to 
write, volumes, for the better underfianding and explaining 
ihcir works? 

If, indeed, there was no occafion for this, then have they 
fjpent their time in vain, and their labours to no purpofe. 
But certainly they have not done fo : it is what was want- 
ing, and therefore a very neceflary undertaking ; becaafe, 
by thus doing, the unlearned have, and fHU may, become 
i^cqttainted with fuch mathematical books/ which otherwife 
they never would underfland, without having a tutor always 
at their elbow ; and then, indeed, Pardk*^ Geometry may 
l>e underftood as well as Leadbette/s Mathematical Com- 
foniouy or Boad's Artium^Princrpia ; and Wolfius and De 
Billy 9 as well as Cocker or Hammond ; but not without this 
or iome fuch like advantage. Befides, 

It has long (ince been allowed that it is none of the eaded 
things for men of profound learning to write within the 
ordinary compafs of common capacities : their knowledge 
mrill very rarely fuffer them to ftoop to the underflanding 
or conception of fuch. So that what Dry den fays of Love 
and Wiidom together, may in another fenfe be applied to 
the cafe l)efore us : 

The pTOYcrb holds, that to "b« wife, and love, 
li hardly 'granted to the gods above. 

' For, indeed, to men of fuch extraordinary parts and abi- 
fities, every thing of this fort is fo very eafy, that whatever 
they propofe, be it either precept or example, they can dif- 
tinguirti it fo many different ways, that from hence they 
conclude it is very eafy to be underftood by others ; on 
which account they are in 'general not only fo fublime, 
but withal fo concife, that it is well known that pot only 
mod of dieireafieft problems (as they arc pleafed to call 
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ihem), but even their demondrationsy require a further de« 
mooftration and more eafy explanation, before mod learners 
can of themfelves form a clear and didindt idea of the na- 
ture of the propofition ; at lead it will cod them many a 
weary hour, and fometimes days and months, to under* 
ftand the whole operation, though they apply ever fo dofe 
and affiduoufly ; and all this for want of a ^w words ap« 
plied in a free, natural, and eafy manner. Indeed, whea 
we conlider thefe things, we cannot but fay, it is a pity a 
diligent reader (hould i^nd his time tofo little purpofe. 

As Algebra is noted for its excellency, fo it is for its di£* 
ficuity, and therefore feyeral eminent authors have been 
plealed to call it a dark and dry (ludy : the meaning I ap« 
prehend co be this ; becaufe the learner goes on a long time 
through a feries of rules and examples, which though he 
be ever fo perfedt in, yet fees no reafon for what he has 
done, nor receives any relifh or fatisfadtion tUl he comes to 
put them in pra6lice in the folvin^ of a few quedions ; and 
even then, if the author does not give a reafon for almod 
every dep of the operation, the young Tyro will not fo foon 
underdand the work as he may imagine, but is often at a 
lofs, and fometimes totally (lopped* 

Now, if the young Algebraid may poiEbly by fome au- 
thors proceed thus far, and for want of better amdance can 
go no farther, what can be thought of fiich books as have 
not fulEcient indruflions for the very rudiments only { 
And that there are fuch is evidently known to too many, 
as will appear from the words of an author himfelf *, *' I 
•* have always been of opinion," fays he, " that Algebra 
** fhould not be entangled with a great number of precepts; 
*^ the fcience is dark enough, without adding to it new ob- 
•• fcurity by the confufion of different operations, &c." 
Had he faid confufed operations, indeed, it had been to 
the purpofe ; but j^hat he means by calling different opera- 

* It 18 of no fignification to mention the authoT*s name ; thofe that 
have him by them may fee the fame words ; andl make no doubt but 
they will find he hai kept up to them throu|;hout his work. ' \ 
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tions a.confuGoo. I know not : for reaTon, I tliink, tells ut^ 
tiat a variety df examples, plainly demonftrated, is the 
mod ready way to remove obfcurity, as it is the only 
means to prevent a learner's being enungled ; becaufe, 
without examples, he would have but imperfe6l ideas, and 
confequently could never underftand the practical part of 
any art or Icience. It is therefore not only difingenuous 
to own a thing to be hard, and not withal to give fufficient 
rules and examples to render it eafy when in our power, 
but it is as abfurd to think it fhould ever be rightly under- 
jdood without thefe. 

He is no great arithmetician who will not allow the doc- 
trine of fradlions and the extradlion of roots to be fome- 
tihing more difficult than the lower rules of common arith- 
metic ; for which reafon the diredUons are fo many the more 
and fo much the fuller. If, then, to underiland thefe, only 
fiich a number of cafes and examples are necefFariiy re« 
quired, is it reafonable to fuppofe Algebra is to be learnt 
without, or by a few only ? No, furely ; for look but in- 
to the works of the unparalleled Saundeifon, you will 
there find precept upon precept, and example upon exam- 
ple ; and were ir fo that two volumes in quarto could be 
purchased by every lover of this fcience, they would, in 
all probability, mdce more Algebraifts than all the books 
extant ; would for fome years put a flop to any further 
pretences ; and might be mid to be almofl a fini(hing Aroke 
upon' the fubjedl:. But this cannot be done. 

Now, contrary to^this, feveral authors are fo over and 
above ihort and intricate, that it is almofl: impoffible for a 
beginner to learn fo much as the Algorithm, much lefs the 
Algorifra.* 

What may be done by one in a thoufand is not eafily ac- 
counted for. Heaven has favoured fome with a furpriziog 
quick apprehenfton, a penetrating judgment, and tenaciouaf 
memory ; and if to thefe we add the advantages of time> 

* Algofrithm fignifies the firfi principle, and Al^rifm the prac^ 
ttical part^ or knowing how to put the Al^oiithm in practice. 
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^gether with the delight and operofitjr that fach a one 
may poffibly take in any branch of learning, fuch a man as 
this, I fay, cannot fail to make fenfible improvements from 
the moft fublime authors, and the mod intricate demon - 
ftrations : but can we expedt to find this at every door ? 
Very few have two of all thefc advantages, and therefore 
that which is but A, B, C, to the one, is as Greek to the 
other* 

From a due confideration of thefe things it is eafy to 
perceive that a book written in a plain and familiar manner* 
and with a moderate price, has been lone wi(hed for and 
expeAed ; the want ot which (as feveral ichoolmafters and 
others, my acquaintance, have often (aid) has been a very 
great difcoaragement to learners in their intended delign 
andBorfoit of Algebra. 

The mod rational method to make any one mailer of any 
art or fcience is certainly to introduce it to him in a natural 
order, and to teach him at firdonly fo much of it as is mod 
neceffiury and confident with the foundation ; and when 
Jie underdands the fundamentals, he will foon be able to 
conquer the more difficult parts ; and may purfue the ftndy 
in a more learned manner, if his &ncy, indinationt or pro* 
feffion, fhall incline him fo to do. 

Sudi, then, b the defign of the following (heets, to give 
the learner a tnie notion of fimple equations; and to make 
the work as uiefnl to him as I pofHbfy could, I have added 
that part which treats of Vulgar Fractions, led he diould 
not be acquainted with fo neceflary a dep : and though I 
have laid down every thing in the fird four Algebraic rules 
as plain as I am able, dill, that the young pradkitioner may 
not be at a lofs in working the problems, I have there recall* 
ed him back to his former work, have given him the rea« 
fon gradatim (ftep by dep) thoughout the whole opera* 
tion, that he may the more readily underdand the nature 
of what he has been doing. 

I expe6l fome critical adepts may fay, there was no oc- 
cafion to be fo very particular ; but let them be told once 
more, it is defigned only for learners (though they them- 
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ielyes« perbapsy »ay find fome tkbgs in it not ahogethter 
HDworthy their notice) ; and I perfuade myielf, upon this 
coniideration, I have not dwelt too long upon any one 
thing that requires a clear demonftrationy if it were only 
for this reafooy that, confidering the many rules and ex- 
.an)ples.the learner has got to go through before he can put 
ihem in praAice, and the difficulty of putting them in prac- 
tice to his own fatisfa6lion, an author may be, and ofteA 
is, too fhort for moil, but he never can be too plain for any ^ 
and I think the pra^cal part of Algebra has already be^i 
fuflficiently proved to be inconfiflest with too mix^ fub« 
limity and concifenels. Again, 

Does not reafon itfelf tell us that arts and fciences arc 
pot like hillory ? A few words in the different circum* 
fiances and parts of the •narration give us a general idea i^ 
4he whole; but here it is quite otherwife; the reader mufl 
liave words, as it were, continually multiplied, to undevu 
fiand truly what is before him ; fo tha^that which may ba 
called a needlefs tautology in the one, is nothing more 
than a proper necdTary repetition or addition to the others 

I hope* therefore, thofe more fk^led in this fcience will 
jexcufe my being a little prolix, if I tell them I have done 
it in fympathy to the young pra6litioner» fince I know the 
dear purchafe of fludying Algebra from concife and ob* 
{cure books by woful experience ! 

It is true, I have attempted the work in dialogues^ 
which render it more prolix than it would have been with* 
out them ; but as I had never feen any thing of this fort 
written in that manner, 1 did it partly to avoid the charge 
of plagiarifro ; and it is the general opinion that this way 
of writing conveys the fenfe of the matter fooner to the 
ideas, as it unbends the mind at intervals, not by turning 
it afide from the fubjedl itfelf, but infenfibly (leals upon 
the fancy, and renders the ftudy in a great meafure a di- 
veriion rather than a dry burdenfome ta&. But a bene* 
volent critic knows, 

•* Whoever thinks a faultlcfs piece to fee, 

*< Thinks what ne'er was, nor is, or e'er fliall be.** 

And 
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And a candid judges when he confiders the fcope of the 
(cience) and defign of the author, will giant, 

That if the way be juft, the conduct trae, 
Some praife, in fpite of triyial faults, is due. 

Liet, therefore, the ingenuous reader confider that every 
day has its fhades, and that my chief end is to (erve him, 
and to (ave him trouble in the purfuit of this excellent 
fittdy ; and then he will, for the very defign's fake, forgive 
thofe errors which the pr^, want of time, or ability, may 
poffibly have occafioned. 

Gentlemen, permit me to return thanks to (uch of you as 
baye encouraged the two laft editions ; and I have (ac* 
cording to promife) added to this third imprefEon not only 
a plain and eafy method of completing the fquare and ex«* 
tradting the roots, but have alio added feveral new pro* 
1)lem8, by way of exerciie, in order to make quadratic 
equations appear Hill more eafy to learners. 

lam, 

Gentlemen, 

Your humble fervant, 

and Well Wiflier, 

D, PENNING. 

Boyil Exchan^, 
IjondoD, Nov. 5, 1758« 
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CHAP. I. 
DIALOGUE I. 

Between Philomathes ohJ Ttrunculus. 



Ty&unculus (a/ Philomathes* db^r) Inoch, 

Servant* 

Tyr. T>RAY, is PhUomathes within ? 
Sbrv. i Yes, Sir. 

Ttr* Has he company ? 

Sery* No, Sir. rleale to walk into the parlour: my 
Mafter is quite alone. 

Ttr. (within) I choofe rather yoa would let him know 
that I am here. 

. SxRv. (to Philomathes) Sir, here's a gentleman defires 
to (peak with you* if you be at leifure* 

rn I. Who is it, Pfapho ? 

Serv. I have feen the gentleman before, Sir» but I 
forget his name. 

Phi. (comes.) 

Ttr. Dear Philomathes, I am your humble fervant* 

Phi. Tyrunculus, I am your's,' and am heartily glad to 
fee you.— G>me, Sir, pray walk this way, I beg of you. 

Tyb. Sir 

Phi. Pleafe to fit here. Sir, for you feem to be cold. 

Tyr. Sir, I thank you ; I am a little cold, I confefs. 

Phi. Give me leave, Tyrunculus, to repeat once more, 
that 1 am proud to fee you ; and I hope, after the many 
promifes you have made, you are now come on purpofe tp 
ipea4 an hour or two with me. 

B Ttr. 



2 IMTRODUCTIOIC. 

Tye, Indeed, Philomathes, I came with that defign, if 
it be convenient ; if not, I beg I may wait upon you at a 
more fuitable opportunity. 

Phi. Indeed, Sir, I (hall confent to no fuch thing; you 
(hall not put me off from time to time with your apolo- 
gies : you fee I am alone | why then fhould you think it 
is inconvenient ? 

TlTR. Pardon me, Philomathes: as I fee your books 
before you, I thought you might be too bufy at this time. 

Ph I. Pifli ! — I am never fo engaged with them, but that 
I am always ready to receive my ^friend ; though I confefs 
(when I have not the ^leafure of an agreeable companion) 
they ^re pretty company to me of themfelves. 

Tyr. That I believe -J fpr, come when I will, you are 
always upon the ftudy. ' 

Phi. Indeed lam no clofe fludent, Tyninculus; \is 
true, fome things require more thought and confideration 
than others, and I believe none more than what I have now 
been reading. . . 

Ty R. Pray, what is that, if I may be fo free ? 

Phi. No fecrets at all, Tyrunculus; you may look in 
any of the books, and welcome. 

Tyr. So, fo ! Algebra ! Cocker, Hammond, Saun- 

derfon, Kerfey, Ward, De Billy, Wolfius, &c.i You have 
a variety of authors, upon my word. 

fill. The fcienc^ requires it, Tyrunculus. 

Tyh. I believe fo, and a fine fcience it is; for my part^ 
I wifti I underftood it ; but it is fo hard for a learner to 
flep into it himfelf, that I think it is quite tirefbme. 
. rHi. You furprize me, Tyrunculus ! Why, you talked 
of learning long ago. 

Tyr. I did fo, and bought two or three good pieces 
(as they are called) upon it; but I own I am very lit^e the 
wifer for all my ftudying. 

Ph I. Do not fay you ftudied ; I fancy you only gave 
them a carelefs look or two ; and things of this nature 
ihouldbe read fIow>^ and with the greatefl attention. 



' Tyr. t am forry," Phifemathes, ypii think I have taken 
flo pains ; many an hourVreft hia^e 1 broke to learn only 
the firft four rules; and as for eqtrations, I riever could 
■tinderftand ; aiid to fay the truth, I iiavc laid the 
•thoughts of it afide for fome months. 

Phi. I beg, Tyninculus, you would not be angry; wliat 
made me think fo is, becaufe I know mod learners are apt 
to run over things too haftily, and then blame the author 
for their not coming at them direftly r however,', it is 
plain the fault is either in you or the books (if not in 'both) 
•that you have madfc^no better improvement. 

Tyr, I am apt to think the fault is in them as much 
as in me. 
"Phi. Perhaps fo; but what fignifies barely aflettlpg 
it, without giving a reafon ? 

• Ttr. Whether I be expert .enough to give you a fufll- 
•cientbne, I williiot fay. * ^ ; 

Phi.- Let 'iftef hear you give tome Tcdlbn or other, I be^. 

Tyr. Why th€n, Philomlthes, two of my 'authors treat 
only of Algebra itfelf, beginning with problems diredly^ thfe 
other indeed begins at Addition, and proceeds on to the 
firft four algebraic T\iles, which I learnt pretty well ;. but 
.'When i came to ^tlgebralc fi^a^lions, I (not knowing any 
tiling of vulgai^y and he being' f6 concife) could underftand 
very little of theni ; on which account, when I came t0 
requations, I was quite at a»l<oft ; fori perceive there are 
.^cry fewJjut «what have fratftions, and I kiow very Uttld of 
them, except juft to i£ad them^ 

Phi. Why indeed, Tyruneukis/ifyou are not acquainted 
iwith vulgar fra6tions/ it is in- vaiR you pretend to ftudy alge- 
,bra,' foi-they are the very bafis arid foundation of it : however, 
^algefcisuc ^a^oBs are done ^^r the fame manner as vul* 
gar. • ' 

, Tyr* But you willalloW tfiem ^to be much the harder 
.of the two» I imagine ? 

■^ Phi. Yes, yes, f grant it; but ftill, when the learner 
>is well acquainted, with vulgar, he will foon underftand 
algebraic fraftions ; befides, it will faye him a great deal 

• "^ »2 of 
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of trouUe, for it is impoffible to redocean equation, in.erd^r td 
difcover the value of tfie upkuowA quantity, without uoder- 
ftanding one or both of thefe. 

Tyr.. Since you grant thk tlien,Fhilomatfae$, I think 
you mud own the fault to he in the books rather than in m^. 

Phi. *Ti8 true, the books you fpeak of are not fit for 
learners ; but^ dill, I muft not indulge vou fo much as to 
lay all the fault on them; for, as I laid before, though 
they may not be immediately fit for beginners, yet they 
may be very good books ; for you are to confider, Tynm- 
culus, that {ome authors fuppofe perfbns previouily.to under- 
fiand fuch and fuch rules. 

Tyr. You fay yery right, Philomathes; but, pray, did 
you never hear any befides me complain of the difficulty 
of learning algebra by mofl authors ? 

Phi. Yes» a gresft many, and there may be reafons for 
It; but we fhould always, in fuch cafes, pafs our fentiments 
with reafon, caution, and tendemeis, and not blame, authors 
on account of every fupine learner; for it is evident we 
can have no better, if we qo to the extent of the fcience; 
though I muft confefs thus far, that, upon the rudiments, 
the generality are a little dark, ^d too.'Concife. 

Ttb. Since you own th^s, -iPhilomathes, how then 
could you fo feverely-tilatne nae that I hay^ made no better 
progrefs? . r :]. 

r HI. You ^re not fb much to be blamed as I thought 
for ; but» ftill, you are to ht blamed in this refped, that 
you have not confulted more books.; for he that defigns 
to l)e the raafler of any irt or fcience ihould certainly 
provide himfelf with a iufficiency for. fuch.an undertaking ; 
for it often happens t}ijj,t jwhat one author isdefirient in, 
'or treats darkly upon,^ apoiber fets forUi.in 4.t)lear andj^afy 
manner to be underflood. 

Tyr. A variety x^f j-boojca- cannot be bad^ Jrou know, 
without expence. 

Phi. You make me fmil^ tp hear you talk of expence ; 
you know ver^ well you can afford Usr purchafe;any books 
you have a mmd to, ^ 

Tyji# 



1*yi. TBat may be, "but I fpeat ra pity to thofe that 
cannot) for by reafoii of -this, many minds lie quite uncul* 
thrated, which otherwife would make fine improvements 
in feveral branches of learning. This was the cafe of 
Tyro, when he took in hand to learn this icience ; and I 
made him a prefent of Cocker and Hammond to encourage 
him.' 

-Phi. -Yoa-did very kindly, and could not have made- 
him a prettier prefent ; and he will certainly learn, for he 
has a very pretty turn of thought for figures. 

,Ty|i, I have heard Novitius fay the fame (for they 
both prance together) ; but yet he lays that he never could 
rightly underftand in what manner Cocker reduces feveral 
^his -equations ; for my part, I wonder at his patience. 
■ Phi. Delight; Tyrunculus, delight carrieb us through 
inapy difficulties : but^ pray, do you remember any partica- 
hr (jue^on or equation that he feems fo much puzzled 
about} 

Ttr. That I do not ; but I heard him wifh he had the 
litppinels of being acquainted with you, he would . have 
9Skid you how to YHice a certain equation or two, which 
puzzles htm pretty mudh, but that he feared you wodd 
take it amifs. • 

Phi. Not T, in the lead : you know, Tyrunculus, I am 
of no fach felfifh temper ; I hate it of all things ; it would 
be in^titude not to communicare that freely which I 
receiv^fb, Bafe and fordid fpirits will indeed deny their 
aifidance, that they may have the pleafure of laughing at 
the ignorance of thofe that they ought to have inflrufled. 

Tym. It IS' very tfue, Philomathes ; Philautus is of 
this unhappy difpoiition. I heard Novitius fay, a little 
while ago, he afked him only a fmgle quedion, and he 
would not refoive it, but gave him very little anfwer, and 
(eemed (he faid) to be affronted; and yet you know they 
are intimately acquainted, and he always exprelTes the 
greateft regard for Novitius in other refi)e6^s. 

Phi. It is very fuprizing ! The vanous tempers of men 
aife not eafily to be accounted fori you knowi Tyrunculus. 

B 3 To. 
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To.be fure, that pian can be of no fervciceto any focicty 
who is not ready and willing ta affift every meipber of it,, 
and elpecially.when he is entreated. L.ucre^ii^jwas wont 
to fay, *• That he would feek all opportunities to cpvninuni- 
•* cate whatever he thought might be ferviccable to any 
** man ; and that, if wifdora and knowledge were given- to, 
" him with that'referve that he might not impart it to 
" others, be faid, he would .much rather phooie to be 
** without them,*' . . ; 

T-YR/ (fmiles.) 

Phi. What do you fmile at, Tyrunculus? 

Tyr. Nothing, Sir J was only going to fay I wifk 

Lucretius lived ijcarine. 

Phi. That is not amlfs, Tyrunculus, I^confefi : however^ 
I am as ready to ferve you as he. would be ; and to (hew • 
you that I am, if* you apprpve of it, and have a mind to. 
have aKttle touch at algebra* 1 "Wjill giveyoi^ the bell in-[ 
ftruiJtioDs I am capaWe of, upon' prbmife you will apply, 
diligently ; for were I fure you wpuld not, I (hould repent 
my folly even m afkingyou, much "more in the undertakingf 
k&lf. You remember the old prbverb,^ Strike the iron 
while it is " ' ' ' '^ 

afterwards 

afid asT ani bound in dutv to accept of your kihd^efs wjtlf , 
thanks, give me leave to fay, I will uf^ my beft- endeavours f 
n/)t to fruflrate your kind .benevolence j but indeed it iSj 
giving you too much trouble. ' -. • ■ - 

Phi. Do not mention it: you are welcome,. as 1 faid 
before : but, pray, when will you begin, for th? foon.ty: the. bet' 
tcr, if you take my advice? . , 

Tyr. That muft be as you pleafe, Sir* ' ^ 

Phi. It never can be more convenient ttian now, as we 
are alone, and free from any interruption. '• . . 

Tyr. With all my heart, Sir. . 

Phi. Well then, Tyrunculus, I would have you obferve 
the method 1 (hall take for your inltrudion: I (hall 'firll 
begin with you at Vulgar ifra^lions (as you have, yoii fay, ^^ 
but very little notion of themj, ax^d (hatl treat more of them * 

than 
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tban is required in the algebraic part, tbat you may fee 
their ufe in other relpedls : then I fhail proceed to Alge-* 
braic Fradions, the Rule of Proportion, and Equations; 
wherein I fliall give you feveral examples very rarely to be 
met with, or fo eafily demonftrated : after thefe, I (hall ' 
make fome neceflary obfervations, and proceed dire^ly to 
algebraic problems ; and fhall work them fo gradually, 
that you cannot mifs (if you take any pains at all) to under- 
fland every operation. But as feveral things will, no doubt, 
happen, that you may not immediately, upon firil reading, 
have a, true notion of, pray do fo much juftice to yourielf 
as to alk the meaning of every thing you are at a lofs fbr» 
and do not content yourfelf to go away half taught. For 
my part, I fhall be careful to avoid any thing that I tbi&k: 
may give occa(iofi<>to flop- you ia the undertakii^. Be you 
but as diligent to obferve the rules and examples, and yoa* 
will foon be mafter of thatwhich I fhall hereafter inftrtt(5t 
yoqin; and then, TyruncuUs, Cocker and Hammond 
will at once appear both beautiful and eafy to you ; or 
SauAderfbn and Kerfey, if you think fit to purchafe them 
(the former of which I more particularly recommend ): 
hut if yeu have not the happineis to meet vnth either o£ 
tjiefe, you are here qualified for Ward, and h^ve a good' 
fouodatron to perufe more concife authors, fuch as De Billy^ 
Ceftinus, Wolfius, &c» &c.-. 
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DIALOGUE IL 

SECT. I. 
Ojj Notation AND Reduction of Vulgar /' 

Fractions. 

Tyr. what do you mean by notation offra^ions? 

Phi. Notation fhews you how to write down and ex- 
prefs any fradlion. 

Tyr. What is a vulgar fraction ? 

Phi. a fradlion fignifies a broken number 5 or, in other, 
lf^r4^i when unity, or the number 1, is divided into any 

B 4 number 
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number of parts, thole parts are a fra^HoDal part of the 
integer itfeif, and is called a vulgar fraction. 

Tya. How am I to know a vulgar fradlion ? 

Phi. Whenever you fee any figure or figures with other 
figure or figures underneath, and a dafh between them 
(thus : •§, 7), they are vulgar fradioos of feme denomina* 
tion or other. 

Tva. What ! are there different foru, then i 

Phi. Yes, three at leafl. 

Ty&. Tell me their different names, if you pleaie ? 

Phi. Firft, then, there are fimple, fingle, or proper 
fira£Hons (for you mud note they are frequently called by 
either of thefe names) ; 2dly, improper; and, 3dly, com* 
p6und fi-ai^ions. 

Tyr. How are they feparately known, or exprefled 
in figures ? 

Phi. Thus: f, {.,^,111, &c. are all fin^>le fradions: 
they are fo called, becaufe each of the numerators is left 
than the denombator belonging to it. 

Tt a. What do you mean by numerator and "denominator ? 

Phi. The numerator always ftands at the top of the dafh, 
and . the denominator underneath : thus, in the forego* 
ing fimple fractions, 2, 5, 9» and 412, are numerators; 
and 3, 8, 14, and 7l6, are their refpedive denominators, 

Tyb. Very well I What is an improper fraction ? 

Phi. Improper fradionSi contrary to fimple ones, have 
their numerators larger than the denominators : thus, {-, 
y» V» ^"^ Vt > ^^* ^^ improper fractions. 

Tyr. What do you mean by compound fradlions? 

Phi. Compound fradlions are fra6lions of fractions 
compounded, coupled, or joined together, by the word 
of : thus ^ of 4, or |- of -^^ ^^ rif ^^ ^^ ^^^ compound 
fra6Hons : do you underftand it ? 

Tyb. Yes, I do. Sir : but how are thefe different Sec- 
tions read, or verbally expreffed ? 

Phi. Thus, ^ and ^ is two thirds, and fourteen twen« 
ty-ninth^ ; alfo V is 14 fifths ; and | of f- of 1^ 3 fourths 
#f 5 fixths of 7 eUvemhsj &c. 

Tyb. 
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*Tyii- The 3 fourths of the 5 fixths of the 7 elevenths : 
but of whaf ? 

Phi. Why, the J of the f of the ^ parts of an integer^ 
or whole number. 

Tyr. I aik pardon: but it muft be very hard to tell 
that. 

Phi. Yon are not to concern yourfelf about this at pre* 
ient ; you will find it eafy enough by and by. 

Tyr. Are there no more fraAions ? 

Phi. Properly fpeaking there are not; but there is 
what we call a mixt number. 

Ttr. What is that, pray ? 

Phi. a mixt number confifts of two parts; the firffi 
part, a whole number, and the other a fradion : thus, 4 f, 
and 247 T' ^^^ niixed numbers ; that is^ 4 whole numbers, 
and I* of unity, or 1, &c. 

Ttr. 1 underftand it very well : what is the next thing 
you purpofe ? 

Phi Nothing more concerning the names of fra6^ions : 
I ihall now give you three or four obfervations, which you 
will do well to remember. 

observation 1* 

The value of every fimple fra^ion is lefi than unity, 
or ao integer, by fo many times as the numerator is contained 
in the denominator ; as you will fee demon (hated (Cafe 
9) in Reduction : fo alfo is the value of all compound 
ft'a<5Hons if they be compounded of fimple ones ; for they 
are all but one fimple fra^on when reduced, as you wiU 
iee (Cafe 6) in Reduction. 

observation 2. 

Contrary to thefe, the value of any improper fra^on is 
more than an integer, or as many whole integers as the 
denominator is contained times in the numerator (fee Caf« 
9/ in Redudlion). * 

OBSERVATION 3. 

Wlien the numerator and denominator are alike, this is 
called by fome an improper fiadion, but with what pro- 

B 5 pnet J 
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* priety I know not, feeiiig it is. only unity: ItfelEfAr J of« 
^ fterJing is 1 £> and |^ of a yard 1 yard ; *cb€(iufej*4» 
divided by 4^ &c. makes one vthoXt integer* - , ^r 

OBSERVATION 4. 

' ' • ' '• • . 

When you would make any whole number into an im- 
proper fradion^ then put unity underneath it : thus 4 will 
be ^, and 126 will be *!-*, &c. Pray; ?^member this.. 

Ttr. I underftand you quite well; but, pray, how is the 
value of -a fra^ion fii^vered m order to know what re* 
lation it bears to an integer ? 

Phi. Fra6lions are reduced by certain rules or cafiBS in 
Redudlion,. of which, if you be mailer, you will (bon add^ 
fubtradl, multiply, and divide ; but not elfe. 

Tyr. Why is Redu6Hon taught before the others, pray ? 

Phi. Becaufe the fradions mufl be firft reduced before 
you can do Uie other rules : Redudlion therefore prepares 
the fradions, as you will fee by the following examples. 



SECT. II. 

REDUCTION OF. VULGAR FRACTIONS. 

. Tyr. I am mightily pleafed with what you have 
fhewn me concerning the. nature of vulgar fiadlions ; but 
think I long to know how to reduce them. 

Phi. That you fhall directly; but are you fure you 
know what a fimple, compound, improper fradion, and 
mixt numbers are ? for they muft be known : and if you 
•think you do not underrtaud them quite well, give them 
another look ; you cannot be too perfeft. 

Tyr. I am pofitive I underftand what they mean. 

Phi. Very well : pray hand me that flate, then 5 I will 
reduce them in their order before your face, and you may 
try ^ other examples, which you may fet yourfeu at your 
kifure. • .. 

CASJK 
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CASE 1. 

TTo reduce a mixt number to an improper fraSlon. 
Rule is, — Multiply the whole number by the denominator* 
of the fradlion belonging to it, and take in the numerator ; 
then under this produ<ft fet the denominator; fo is thi» 
improper fraftion equivalent to the mixt number given. 



EXAMPLE !• 



Reduce ^ \ to an- improper JraBton. 

2 



4 ^ 
22 



Anf. 



EXAMPLE 2.' 

Reduce 51-^ to an improper fraStoti, 

11 '*. 



563 

Anf. 
11 



EXAMPLE 3. 

Reduce 576 -H '^ ^« improper fra8ion% 

576 \% 
24 



2308 
1153 



13838 

An/. 



24 



Tyr, He that can do common^ Multiplicatioti may 
do this, ♦ 

B 6 Phu 
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Phi. True ; and he that can do common Drnfion may 
do the next, it being only the reverfe of the former cafe, 
as you will iee by the fame exarnplest 

CASI 2* 
7o reduce an improper fraSton to Us equivakntf wiokf or 

mixi number* 
i?tii!f^y—> Divide the numerator by the denominator, and 
if any thing remains, fet it oyer the denominator for a new 
numerator^ and it is done. 

EXAMPLE 1. 

Re^e Y ^0 bi efuivaUnty nvbob, or mxt ntsmber. 

5)22 

4 I Jin/. See Ex. 1, Cafe U 

BXAMPLE 2. 

Reiiue ^ to be equivalent, 'wiok, or mxt numier. 

11) 563 

51 -^ Anf. 

EXAMPLE 3. 

Reduce ^ ^ * to its equivalent^ nxhole^ or mxt nunier. 

24)13838(576 lJ^«/t 
120 

183 
168 

158 
144 

14 

^o/<«-*-Whea there is no remainder in the dirifion, 
then will the whole number be eauiralent or equal to the 
(tvea improper fra^ion. . Asi tor example : fuppofe I 

would 
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would reduce ^ to its equivalent, I divide 56 by 7» and the 
qaotient is B ; fo is 8 equal to y : fo alio <|4' id equsd 
to 1 9* This is eafily feen by the next cafe. 

CASE 3. 
To reduce any whole number to an improper froBion* 
Rule Uy — Multiply the whole number by any figure at 
pleafure ; and under the produdl fet the fame figure you 
multiplied by, and you have an improper fraction equal t<> 
the given whole number. 

EXAMPLE 1. 

Reduce 14 to an improper fraSum* 
14 '14 14 

5 9 12 

70 1526 

— jinf. — ^ Jtnf^ 

5 9 12 

Here you fee I multiply the whole number by 5, by 9f 
or by 12, or any other figure, and the improper fra^ions 
are all equal to each other, and are alfo equal to 14. 
Therefore this is an unlimited queftion, to which an infinite 
number of anfwers may be given, and all right ; but if the 
queflion be propofed thus, it will be limited^ and can then 
nave only one anfwer. 

EXAMPLE 2. 

Reduce 14i to an improper fradiony nuhoje denominator 

Jhall be 15. 
Here, as I am to have 15 for its denominator^ I am 
•bliged to multiply by 15, and no other figure* 

14 
15 

70 . 

14 

210 
, •— Anf. equal to 14| as before^ 
15 

CASE 
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CASE 4. 

Ti reduce, a fraSion to its loiveft terms ^ equal in value f^ 

thefradion given. 
Rule is, — Divide the numerator and denominator by 
any figure that will divide them both without any remain- 
der, and continue ib doing till you can divide them no 
lower: fo will this lafl quotient be the lowefl terms equal 
IQ the original given fraction. 



Divifors 
Num. 

Denom. 



Divifors 

r 

Num. 
Denom; 



EXAMPLE 1. 
Reduce H^to its loivejl terms, 

3 



2 

144 

216 



3 

72 

108 



4 
24 

36 



2 
— Jinf. 

3 



2 -L- 
T — 



f44 
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EXAMPLE 2. 

Reduce |-fj to its loiuefi terms* 
S 8 4<- 



576 

960 



96 
160 



12 



20 



— ^n/. z=z ^^ 
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Do you underftand the work ? 

• Tyr. 1 underftand all very well, but the two lines you 

make after the anfwers I don't rightly appfehend. 

Phi, What, this mark (=) do you mean? 

Tyr. Yes. 
rr^j Phi. It 13 the fign of equality ; it fignifies that 

jf^i/fesn ^m frequently lee it ufed by and by. 

Note, After the fame manner are algebraic fraftions 
abbreviated. For fuppofe I were to abbreviate or reduce 

-r- to its loweft terms ; it is only taking away fuch letter 

PC 

QT quantities as are alike out of the numerator and the deno* 
minator, and the work is done. Thus in the above alge- 

braic fra^iojx -j^, I Bad £ both in the numerator and deno- 
minator; 
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aonator } therefore by taking & fr^m both, I have- — in its 

< c 

loweft terms = -r-. But .this you will fee more of in Cafe 

4 of Algebraic Fra£lk)ns. 

Tyr. Is there no other method. of reducing a fradlion 
to its loweft terms, becaufe it is difficult to find figures that 
will divide fome fra<5lioris ? - 

Phi. Tis true, for that figure which will divide one, 
will not perhaps divide the other ; therefore there is a way 
to tell what ngure will da it at one operation, 

Tyr. That muft be Cliighty pretty ; pray, let's fee it ? 

Phi. You (hall. 

CASE 5. 

Another ivay to reduce a fra&ion to its lomjejl terms at om 
. <ivork. (Euc. 7, Pr. 1, 2, 3.) 

Divide the denominator of the fradlion by its numerator ; 
and if any thing remains, divide your former divifor by it ; 
and if any thing yet remains, divide your laft divifor by 
that ; thus proceed till you have nothing remain, and then 
fhall your lad divifor be a common meafurer, that will 
infallibly divide both the nuni^rator and denominator of 
the given fraftion into its loweft terms at one work. 

Ttr. Pray give me an example, and explain it ia words. 
' Phu I will. ' 

EXAM'PLE Ir 

Redu/:e^^ to its loiveft terms by a common' meafunr* 

Eird, I divide 252 by 147, the numerator, and it goes 
©nee, and 105 remains over; this 105 I make now a divi- 
for, and the laft divifor (viz. 14-7) a dividend, and -find it 
contains once 105, and 42 remains over ; by this 42 I 
divide the laft divifor 105^ and find-21 remains; andjlaftly, 
by this 21 I divide the laft divifor 42, and find nothing re- 
mains over: fo is the laft divifor 21 a common meafure, 
that will reduce the given fra^ion -i^J to its loweft terms 
at once ; for, diyidipg the numerator 147 by 21^ I Have 7 

for 
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fi>r a n^w numerator ; and dividing 252 by 2^1, 1 hare 12 {or 
a new denoniinator; and thus I find 7^= -^^^ 

EZAMPuB 2«r 

Reduce f}|- to>itt loweft trrms by a eomman meajkrer^ 

57^) 861 (1 
574 

CoBu meafurcr 287) 574 (2 

574 



Num, 
287) 574 (2 New nyxau 
574 



Denoni- 
1287) 861 (3Newdenon^ 
861 

O 

^«/:| = l|4. 

Tyb* T under (tand it well : but» pray, iuppofe a fra^ion 
cannot be abbreviated by a common meaiurer by its proT» 
ing an unit at lail ? 

Phu Why then it is in the loweft terms alread^r: fuch 
a one is -f^. 

Ty R. vCTy well. Pray, are there no more cafes in Reduc* 
tion? 

Phi. Yas, here follows 

CASE 6* 
7o reduce a compound fradton to ajimple one of. the fim$ 

value. 
iJtf/tf «•,— Multiply all the numerators one mto another 
for a new numerator ; then multiply all the denominators 
together for a new denominator ; 10 (hall this new fhtdioa 
be equal to the compoond fraction given* 

Tyiu 
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Ttr. Thb 18 fo enfyf I think I can do it diredty ; pray, 
try me. 

Phi. No doubt, for it is only common Multiplicatioo* 

EXAMPLE 1. 

Rtduce |. of |-of 4. /o ajtmple fradlon. 
Ttr. I fet down all the numerators thus : 2 

5 



Then I multiply all the Deaom. 3 


10 
3 


18 

4 


30 New N» 


Ncwdenom. 72 


— 



. -rf«/: l5 = |.of|.of|. 

WhattUs " Phi. It is very right, Tyrunctdus; but there 
X Cre/s is a charadler ufed for Multiplication which 
Jigmfiet* ■ will mightily fhorten the work, and take up left 
^oom ; befides, it is frequently ufed in Algebra. ^ This is 
It ( X )> &nd it fignifies that all the numbers between which 
it (lands are to be multiplied together. Thus 4X 6X 2=48* 
Pray remember it* 

Tyr. I know your meaning immediately. Thus 4 
multiplied by 8 is 4X8, that is, 32. So 3X2X^=30. 
Is it fo or not ? 

Phi. You are very right ; now III try you with anothef 
fom. 

EXAMPLE 2* 
Redtice ^ of^ of ^ of ^ to ajimpk fraQion* 
Ttr. I multiply all the numerators together : 
Thus 5X4X3X11 = 660 for a new numerator ; 
And 7X5X4X12 = I68O for a new denominator. 
So is ri^ = ^ of ^ of I ofiij^nf. 
Phi. It is very well done, Tyrunculus : now we will pro- 
ceedto 

CASft 
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CASE 7* 

7o reduce fraStons of unequal or different denomtnatort- 

to fraQunu of the fame va/ue^ having hut one common deno' 

m'mator to all the numerators. 

Rule «,— Multiply all the denominators together for a 
common denominator ; then take each numerator (begin- 
ning at the ftrfl), and multiply it into all the denominators 
except its own denominator ; fo fhall thefe different pro- 
ducts be new numerators tc^ . the< common denominator, 
equal to that fra6lion whofe numerator you multiplied into 
the denominators, which placed over th« common denomi- 
natoKy and the work is done. Do you think, you could do * 
this diredly ? 

Tyr. No, this is not lb eafy as the laft cafe : pray, give - 
roe one example at large, then I will try. 
What N.N. Phi. I will. Pray remember N. N* 
and C. D. fignify new numerator| and C. D. commoa 
Jtgmfyh . denominator. 

EXAMPLE 1. 

JReduce \^ fy and |^, to f rations of the fame value^ having a*-. 

common denominator. 



TirRfS 


2 

then 


2 


5 


and 3 


and 5 


5 




5 




3 


5 


15 




10^ 




9 


25 


8 




8 




8 


3 



CD. 120 N. N. 80 N.N. 72 N. N. 75 

^nf ^ .= f , for 80, is | of 120. Alfo i% = |, 
and-j^=.|-f 

Tyju. It is fo plainly done, that I think I can do another 
example. 
* Phi. Poffibly you may, as youtake good obfervation. 

EXAMPLE 2. 
Reduce |-,|-, -f, and^ytofraSions having a common denominator. , 
T'TR. Firtt, then, 5 X 6 X 8 X 4 =: 960 for a com- 
mon denominator. Then 4 X 6 X 8 X * = 768 N. N. 

And. 
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And 5 X 5 X S X 4 = 800 N. N. Again, 7 X 6 X 
5 X 4 =s: 840 N. N. And, laftly, 3 X 8X^X5 
= 720 N. N. Thefe new numerators placed over the 
comp;iop denominator, I find the anfwer to be -J-f^ =?= T> 
in = h -^ = h and ^§ = i. Is it ^-ight ? 

PrfT, You furprize me, to fee you fo apt ; fee what care 
is ! You have no occafion for more examples in this 
cafe, » We will pafs on then to 

CASE 8. 
ITo reduce fraBions of one denomination to another* 

This conCfts of two parts, afcendlng or defcending. And 
firft of afcending. 

When a fradion is given to be brought from a lefs to a 
greater denomination, then fet down the fraftion, and make 
a compound one of it, according to the denomination it is" 
to be brbught into ; and this compound fra6lion is made 
by confidering how many of the lefs make one* of th« 
greater ; then reduce this Compound to a fimple fradlion, 
and you will have a fradHon of another denondination, equal 
in value to a given fradtion. 

Tyr* This is a hard cafe : this is not undierftood by bare 
reading. 

Phi. It is harder than fomeof the reft; but an exaropl^ 
or two will make it plain. 

t . . : r . * . , 

EXAMPLE 1. 

Reduce \ of a penny to the fraBion of a £.fltrltng. 

Now obferve, as 12 penc6 make one (hilling, and 20 
ftfillings a pound, t riaake a compound fraction of -I thus : 
,. , -l-ofiVofToO^a;^. ^ 

Now this reduced to k fimple fradlion, viz. 3 X 1 X 1 
= 3 N. N. and 5 'X 12 X 20=1200N. D. So is 
xhis of a ;f . == |- of a penny. 

Or, otherwife> make a compound fraftionof it at once ; 
that is, 240 pence make a^. fterling. Then it will be |- of 
•y^ : this reduced to a limple frawion, is -j-j^of a^^. =• 
■f of a penny, as above,. 

EXAMPLE 
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EXAMPLE 2. . ' 

Reduce ^ of a farthing to thefradkn of a gidnea* 
This will be 4: of J of -j^^ of -^ of a guinea. . 

Now 3 X 1 X 1 X 1=:3N, N. and4X 4X 12 K 
2 l=4f032 N, D. So is ^^^ of i guinea=:J of a faTthipg. 

2d, DESCENDING. 

In defcending you are to coniider that the. fradion is to 
be brought from a greater to a lefs dcnomiaation ; therefore^, 
as you multiplied the denominator of the given fradion by 
die parts contained in the integer in RedudUon afcendiog^ 
fo now here yon muft multiply the numerator of the giyea 
fraction by the fame parts, and you have the anfw^r. Or, 
which is ail the fame> only invert the parts contaLoed in thQ 
integer (that i*^ turn them topfy-turvy), and make of theni' 
a compound firaflion, as before v then reduce it to a iiinpU[ 
fiidtion. and it is done. ' . < 

BXAMPLB I. 

Reduce ^ of a £. fterllng ttf ihefra&ionrfa pennym. 

Here \ confider that a fhiliing is -^V of a ;^ and a penoy 
^ of a (hilling ; therefore I multiply the numerator ^ oy.SO 
and by 12, and the pjodu<ft is 96O, which I place over the 
denominator ; thus^ ^-f-^. So is '|^* of a penfay equal to \ 
of a ;^. or 16 (hillings. 

Or, by inverting the parts as above dire£led, it will be \ 
of *^ of y a compound fradtion ; which reduced to a fimple 
one, viz. 4 X 20 X 12 = 96O N. N. and 5 X 1 X 1 
= 5 N. D. To prove this, we will try Example 2 of Re- 
dtt^ion a(cendjng« 

IXAMPLE 2- 
Reduce xitl ^f^ guinea to thefra&ion of a farthings _ 
Here ^^ of V of V of f 
Now 3 X 21 X 12 X 4. = 3024 N. N* 

And 4032 X 1 X 1 X 1 = 4092 N. D. This frac- 
tion abbreviated is = ^ofa farthing. So is | of a farthing 
s= 21^ of a guinea, as in Example 2 of lad rule. 

^ ^ What 
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What do you fey to this cafe, Tyrunculus ? 

Tyr. I think I unfderiland it pretty well ; however, I 
will look it over again, and try at other examples. 

Phi. Do fo. Now» Tyrunculus, we are come to the raoft 
ufeful and pleafant cafe of all, which is to find the true value 
of any fraftion. 

Tyr. That I (hall like to know. 

Phi. Pray obferve carefully the rules and examples, 
and I dare fey you will work any of them diredUy after me. 

CASE 9. 

To find the value ofafraSlon In money ^ ivetghtf or meafurem 
Rule isy — Multiply the numerator by the parts contained 
in the integer to which it belongs, always obferving to begin 
with that part neareft related to the integer ; then divide 
by the denominator ; and if any thing remains, multiply it 
by the next greateft part neareft related to the integer, and 
divide again by the denominator. Thus proceed till you 
can reduce it no lower for want of parts in the integer, 
and the work is done. 
Tyr, I muft beg one example at large. 
Phi. You ihaU> und yon vnll need no more to underftand 
the cafe. 

EXAMPLE 1. 

l^hat is the value of-^ofa£ fierVtng ? 
Plrft, in order to find the value of this fraction, I con- 
fider the next neareft part related to a £, and I find it 
to be (hillings. Now, becaufe 20 (hillings make a ;^. I 
multiply the numerator 3% 20, and it is 60, which I 
divide by the denominator 32, and have one in the quotient, 
which 'i^ 1 (hilling, and 28 remains over; this I call |4 ^^ 
a (hilling. Now as 12 pence make a (hilling, multiply 28 
the numerator by 12, and it makes ZZQ^ which I divide 
aUb by the denominator 32,'and the quotient is 10, which 
is 10 pence, and 16 remains over ; this I call |^ of a penny : 
then as 4 farthings make a penny, I multiply the numera- 
tor 1 6 by 4, and it is 64, which I divide agaui by the de- 
nominator 32| and the quotient is 2 farthings. So that I 
find^ of a;^. to be 1/. lOd!; \. See the work# 
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32) 60 (U. 
2f2 

28 
12 

52.) 336 .( 10/. 
32 
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4 

32) 64 (2^rf .' 
64 . . 
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fFiat is the^ efa moidore ? 
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27 
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^eftion. 



3. What 18 the va- 1 ^ /. , r.\u» t ^., f j 4 



^eftions to be tried, 
va- 1 
■j^ ot an cwt. ? J 
4. What is the 1 j^j^ ^^g^ ^j^^ ^^^ 36f.|H. 
^^^ of a year ? J •' ^ i r 

fi4r I'd find the value another 'way, 
Suppofe I wanted to know the -^^^^ £• or the ^ of a 

moidore. 

This is done only hy abbreviating the numerator, and 

bringing it down to unity, then will. the fradlions be -^ of a 

£. ; then multiply the value by the numerator, and you have 

its true value; Firft, 

What U the ^^of a £. fierlmg ^ 
I abbreviate the numerator to unity, or 1, and, conGdering 
what^ of a £, is, I find it to be !/• 8//. / this I multiply 
J)y 5, the numerator, and it makes 8/. W* which is the va- 
lue of T^ oi?i£. fterling. Again, 

What is the -^ of a moidore ? 

I confider that -rg- of a moidore is 1 j. 6d. ; then by multi* 
plying by the numerator 7, I have 10/. 6d; which is the 
value of ^ of a moidore. 

N. B. I told you in Dialogue II, Obferv. 1, that every 
fimple ^dlion's value was le(s than ai) integer, or unity, 
and that the value of an improper fraction was more 
(Obferv. 2) ; to prove,wl^icji, let ^^^ take any two fra6lions> 
one fimple, and the other improper, and fee what their va* 
Iue is in relation to a £• (lerhng. . v 

' EXAMPLE 1. 

Suppofe the fimple fradion to be -^ of a £• 

I find ^ of a j^. to be 1/. 8^.^ therefore -^ is 9 tinges 

1/. 8^. = 15x. Now 15/. 'wants 5/. of the wl)ole integer, 

or \£. i therefore the JSmple fra^ioii -^ is lefs in value than 

the whole integer, or unity, by 5 fiiiUmgs. Now, Gontf ary 

to thb, an improper fradion's valuer is more than the integer 

itfelf ; and its value is grater or k& according to the large^^ 

••nefs of its numerator. • ' ;•-:; t 
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EXAMPLE 2* 

Whaiisthe^^ofa£.Jternngf 

This being an improper fra<ftion, I divide the namerator 
25 by the denominator 4> and it gives 6 whole integers, or 
6 £* \ now as one remains over, it is \ of a^^., which is 
6s, So I find ^-^ of a j^. to be 6 £• 5s. Do you under- 
fland it, Ty runculus ? 

Ttr. Had you only (aid it, I might have been at a lofi ; 
but you have demon ftrated it fo plainly, that I mud be quite ', 
dull of apprehenfion not to fee the nature of it. 

Phi. 1 am glad you underftand roe ; and pray do you 
think you underfhnd all the 9 Cafes in RedudHon fo as to 
work them now off hand ; for if you do not (at leaft all but 
the 8th, that being not fo much wanted), I freely tell you 
that you will be at great lofs ; for the next four rules depotd 
wholly upon a true knowledge of Redud^ion. 

Tyr. You do well, Philomathes> to take fuch care of 
me ; and I hope every learner will take your advice ; but» 
for my own part, I can fafely fay I underftand Redu6Hoa 
^uite perfeftly. 

Phi. Well, if fo, we will proceed dire^y to Addition* 



DIALOGUE ni. 



Of MJition, Suhtraaiony Multiplication^ and Divi/wn of 

F'ulgar Fraaions* 



SECT. I. 

OF ADDItlON OF VULGAR FRACTIONS* 

Tyr. HOW is addition of fradHons performed? 

Phu By this one general rule, viz. all compound 
iira6tions mufl firfl be reduced to fimple ones, and all frac« 
tions to a common denominator (by Cafes the '6th and 7th 
of Sjcdo^on) ; then add all the numerators together as in 

common 
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odmxQoh Addition, and place their fum over the emnmon* 
detiomiaatot' ; and if it be "an improper firadiony reduce it 
to a mixt number (by Cafe 2> in Redudtion), and you have 
the fum of all the fra^ODS. 

EXAMPLE 1* 
jldil^f T> fl«^y together » 
Here, becaufe the fradlions have all one common denomi* 
cator, I only add the numerators 2f !> and 4 together, an4 
their fum is 7* which I place over the commcm denominator 
6» and the fum b-^, an improper fradion, equal to 1 f An/m 

EXAMPLE 2. 

^^^ rrf ^> iT> «»^ W together. 

Ttr. This is mighty eafy ; the rule is fo plain^oneean^ 
tot well mifs. 
Fhi. Now I will fet you a que(Uon» Tyrunculus. 

EXAMPLE 3* 

•^^T» h h ^«^T together. 

Ttr. I am afraid you have puzzled me ; but (hy a lit* 
fie : let me find it out myfelf— I fee how it mud be done* 
I muft reduce the fradtions firil to a common denominatcM*, 
and then add the numerators together, as you have done 
above. Muft I not ? 

Phi. You have it, I perceive./ 

TYR.^Fird, then, lo reduce the liraAions to a common 
denominator. 

I multiply 3X2X 4'X 6= 144 C. D. Then 2^ 2 
X 4 X 6 = 96 N. N. Then 1X3X 4x6 = 72 
N. N. Again, 3X2x3x6 = 108. N. N. 
Laftly, 5X4X2X3= 120. So that I find the new 
numerators are as follow. 

■ N» Numerators* 
96 
CD. 144. 72 

lOS and 
120 

Their lum 39S» which placed over the common 

C denpminator 
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denominator 144, (lands thus, f |^ ; tbU» by Cafe Aa dd, 
in ReduSioo, = 2 |$f, that is, 2|^, the fam ot 4, ft i» and |« 

Pm. It is Quite right, Tyruoculus: you tee what it it 
to mind the rules given for inftrudion ; you will do that 
already which will coft a carelefs reader ten times the 
trouble. Come, I'll try you with another. 

Ty a. With all my heart. 

EXAMPLE 4. 

Phi. JiJiHof^o^i tfiu/^of| together. 

Tra. l.et m^ fee: I muft firft (by Cafe 6 of Redudion) 
reduce the compound to fimple fradlionsy and then the frac- 
tions to a common denominator, and proceed as before. 
Firft, then, I multiply all the numerators together, viz. 
2 X 4 X 3 = 24 N. N. Then 4 X 5 X 4 = 80 C. D. 
So is 1^ = ^ of |. of |>. Then the other compound frac* 
tions, viz. ^ of 4 reduced,' is = \%. So the two fimple 
fra6Uons to be added are {^ and ^« Thefe I reduce to 
a common denominator, as in example 3 ; and find them 
^ ^ liH ^d If^ Then I have nothing io do But 
add the numerators together, and their fum is 275^, which 
I place over the common denominator thus, fffr * ^^d this 
I apprehend to be the fum of } of f- of ^ and f of f . Is 
it fo or not ? 

Phi. It is, and I am proud to fee yon fo well grounded in 
the rules oi Reduction : however, t think I can pofe yba 
the very next queftion. Will you try at it? 

Tyr. To be fure I will; for I imagine you will (hew 
me if I cannot do it? 

Phi. You need not doubts— Come, then. 

EXAMPLE 5« 

Md^£. f, 7£.iofi and^ together. 

Tra. 

Phi. I thought I Qiould puzzle you ; however, be not 
difcouraged 

Tyr. There is nothing that puzzles me but the laft 
fradlion -^y for I am not certain whether it bebngs to the 
compound fradlion that (lands before it, or whether it be a 
feparate fraction by itfelf. 

A NI. 
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*Phi. Tt cannot belong to the compound fra^on, becaufe 
die word ^is not between them. There are two ways to 
do this and (uch like queftions ; but the fecond is the (horteft 
and esfieft method, in my opinion. I fhould' therefore only 
tell yon the way to work it, and leave you to try it by 
younelf at large*. Obferve, then. 

METHOD 1. 

Reduce the compound fradtion f of f to a fimple one, 
which is ^. Then will the fura be thus : add 4;^. ^, 7£. 
^ and ^ together. Now by reducing the mixt numbers 
4i and 7^ into improper fraftions, 1 have y and V^ . 
Tnen may thefumbie read thus: add y, y^, and -j^ together. 
Thefe fra^ons I reduce to a common denominator (as in 
exanople 3); and find them to be 'yV^* tW> andf|§. 
Thefe numerators added together, and divided by the com- 
mon denominator 720, gives 12 in the quotient, and 408 
remaining over. So is the Anfwer, \2£^ y|l = ^^£* 
ilx. 4^. 

METHOD 2. 

The fecond way is certainly the beft, becaufe you have 
to' bufinds to meddle with the whole numbers, but only 
with the fradions, and then add their fum to the whole 
numbers afterwards. 

The fractions arc |^, \ off and ■^. Now \ of | = ^ } 
therefore add |, ^, and ^ together. 

Thefe fra6Uons reduced to a common denominator will 
** I4f« Jmt ^^ •?■ IS- Thefe numerators added together, 
and divided by the common denominator 720, gives 1 
whole number m the quotient, and 408 remains over. So 
b the fum of the fradHons only 1 f§|, which I add to the 
whole numbers, as follows ; and have the fame anfwer as 
above* 

Add^£. 
7 

•| 40» 

Anf. 12^ as before ==: 12;^. Ilx. U. 

* It It fuppofed that the learner by thist time knows how to reduct 
milt numbeis to improper fractions, and compound to iimple one<, 
having; hadfo many ezaioplcs of both kinds. 

C 2 Tyr. 
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Ttr. Tills way is the beft, I fee ; becaufe if the yHtiblc 
numbers confid of many places of figures, then, by the "firft 
method in reducing them to improper fraflions, there will 
be a great many figures, and ^ great deal of work to reduce 
them to a common denominator afterwards ; whereas, if 
the whole Qumbers be ever fo large, it nukes no alteration 
in this fccond way of doing it. 

Phi. Your notion is right, Tyrunculus ; and I think 
you will foon learn to fubtra6^, you are fo perfed^ in 
Addition ? 

Tyr. I will do the bed I can. 

Phi. Well, Tyrunculus, who can deCre any further ?— • 
You have done well hitherto, and I hope vnll continue U* 
We will proceed then to 

SECT. II. 

OF 8UPTRACTI0M OF VULGAR FRACTIONS. 

Tyr. I hav^ heard that Subtradlion is the har^fl ruli; 
in fradions. 

Phi. It is counted fo by mod learners ; however, he that 
underdands Redu<5tion well may foon do it, as you will pre- 
fently find. . • . • ., 

Tyr. Pray, how is it performed ? 

Phi. The verv fame as Addition, five only you arc to 
fubtradt indead of adding, according; to the nature of the 

?[uediorj ; but the rule is the fime. For all compouild 
iradions mud be reduced to fimple dbes, and then all tp 
a common denominator ; after which , only take the nume- 
tator of the fradion to be fiibtraded out of the numerator 
of the other fraflion, and you have the difference or anfwer 
as in common Subtra6tion. 

From^ From 14 From ||f. 

Take H Take f^ Take ^ 

-^«/ TV ^ ^«/ -A- ' ^"f' T A 

Proo/ii Proo/i^ Proofs 

Hert 
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* Here To* theft three examples, becaufe tlie fra^ions have 
a common denominator, I only fubtraft the numerators as 
in common Subtra^ion, and place the difference over the 
common denominator for an anfwer. I prove the work alfo 
as in common Subtrsidion ;- for I add tne numerator of the 
difference to the numerator of the lefs fradlion, which, if the 
work bc' right, wit be equal to the numerator of the greater 
fradion. 

Ttr, I think this is more diverting than Addition. Now 
let me aik you a queftion or two^ if yoa pleafe» 

EXAMPLE 4*^ 

__ " * 

Phi* Fird, I redupe the fira<Etions to a common denomi- 
nator, and ^hd them ^W and -ifj', then I fubtradl the 
numerator 6.0 from ^e numerator 143^ and there remains 
83 ; which placed over the comaum denominator l65% 
jiYCS i?^ for thedifferenfje. ; 

EXAMPLE 5* 

i. . i ^ iFfUm ^ offtake '^ of \^ 

That is, from f f take •^. Thefe reduce to a common 
denominator, it WiU be, P^bm f|§ uke ^^. Now thefe 
CfeprepaBedifori.work;' therefore by fiibtra^ing 96 from 
480( I have 324 remaining. So is f|^ the di^ence be« 
tweea ^ of {. and ^of \. 

\ Tyr. There am be nothing eafier than thefe examples ; 
lie that onder (lands Addition cannot mifs Subtradlion, in- 
deed. But flill I hive taken notice of one thmg, which j 
if I mention, perhaps you will laugh at me. 

Phu. Why ihould you think fo ? that would be highly 
bafe in me, when I before defired you to alk me any thing 
that you are doubtful of ; therefore, pray let's hear it ; 
it may perhaps be of more fervice than you are aware of. 

Tyr. It is this, tHen : In all tl^e foregoing examples I 
perceive that the numerator of the fradion to be fubtradled 
n lefs than the numerator of the fradion you fubtraft from, 
which m|kds all tHd examples quit^ eafy : but fuppofe the 
aumeiatotr of tho-fradion to be fubtraded be larger than 
{ ► C3 tha 
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the other fraffion, where can I take it oat of then ? and how 
mud I proceed in fach a cafe ? 

Phi, You w^re afraid I fhould laugh at you, hut I af- 
fare you it is a very material queftion, for this is the rooft 
dilHcuh part of Subtra^on that learners meet with* The 
rule, then» is this : 

N. B. When the numerator of the lower fraiflion (that 
is, the frafHon to be fubtra^ed) is larger than the iradion 
you fubtradl from, then take the laid numerator out of the 
common denominator, and to that difference add the top 
or lefs numerator ; fo fhall this be a new numerator to be 
placed over the common deuominator ; and you mnfl carry 
one for borrowing oiit of the common denominator, as you 
do when you borrow in common Subtra^ioni when the 
lower figure is larger than the top one. 

TvB. This is quite plain^ knd eafy enough to be per- 
formed, I fhould think. 

Phi. Eafy ! can a thing be hard, when the rule laid 
down to work it by tells yon how to proceed in every re- 
fpe^ ? However, 1 will try you with aquefiion. 

XXAMFLB 6t ^ . ' ■• 

From U£. ^ taie Jft^. ^ 

Tyx. I try to fubtradl the numerator 6 from die nrnne* 
rator 5, hot cannot ; therefore hy the rule I take 6 out of 
the common denominator 10, and there remains 4^ to which 
I add the lefs numerator 5, and that makes py which I 

5 lace over the common denominator 10, and it is -^^ 
Then becaufe I borrowed out of the common denomina- 
tor 10, I carry. 1 to the whole number^ 19, and it makes 
20, which I fubtrad from 24, and there remains 4. So is 
the difference 4;^. -^ as under. 

XXAMP. 7* 

£* ^ £' 

From 24 JW From 419 tV 

Take 19 r^ Take 147 U 

jtnf. 4 A' An/. 271 ^ • 

■ .m n I I . . , I I '. l I .I 'f . .. .t 

Pnvedat in Ex. 24 ^ - Proof 419 A 

I Phi. 
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Phi. a Proof oi exampU 6y hy cwinum SwbtraSion* 

From 24 -jS^, that is, 24 10, by cafe 9, of Reduaion^ 
Take 19 ^, that is, 19 12 

jittf. 4 3^1 that i$9 4 18 Dlffereme. 

Prorf 24 iV> that is, 24 10 

Tyr. This is pretty to fee the proof of one fule of 
arithmetic by another. 

Phi. You may prove any of the four rules in fra£tions 
by common arithmetic as well as this ; for they will cx>mo 
cxadtly alike if you proceed in a right manner. Weil, 
Tyrunculus, you feem to me to be qualified for Multiplica- 
tion ; but I have a fancy to try you with one quefHon morcy 
which will make you mailer of Subtra^ion. 

E l^Ji. M P L K ft 

A Airf B 240;^. 1 0/ I 0/ 1 ; flif^ B paid Urn 176£. f of 

44: 'what u JliU due to K\ 

Tyr. I proceed thus : 

A 240;^'. I of f of 4 ; and B. 176^. * of {4. Now 
t of I of 1=^ ; and f of ^=H- ^^"^ jrv and 
f|-, reduced to a common denominator, will be x^fs ^d 
f|^|4« Thus are the fradions prepared, and wiU iiaod 
thus : 

A lent B 240 ^W^ 

B paid him 176 s|| |g . Then, by Example 6^ ' 

I find the balance 63 ^%^ ; which (by Cafe 9, in Rc^ 
duaioo) is 63^. llx. sy. \q, -y'sVA' 

Phi. I mud ileeds fay it is a pleafure to me to inflrudt 
you, Tyrunculus. I have but one thing more to obferve to 
you, and then we will go to Multiplication. 

Noie^ When you are to add or lubtrad the fra^ion of a 
fiirthing or a penny from the fradHbn of a pound or guinea, 
&c» then (by Cafe the 8th, in Redudlion) reduce the frac« 

C 4 Ition 
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tion of the one, and make it equivalent to the fra^lion of the 
other, and add or fubtra6^ as the queflion requires, you have 
the aoiwer. And thus ixmch for Subtradioo. 

SECT. III. 

MULTIPLICATION OP TULGAH FRACTIONS. 

Ttr. How is multiplication of (raftions performed? 

Pm. As in common arithmetic, fo alfo here are two 
parts or favors given, viz. the rouhiplicand and multi* 
plier. When, therefore, you have reduced the mixt nuidP* 
oers to improper fra^ons, and the compound to fimple 
fraAions, the rule is, multiply the two numerators togetne^ 
for a new numerator, and the denominators together for i 
oew denominator, and you have the produdl or anfwer | 
which, if it be an imprq)er fradion^ reduce to a mixt fittllk^ 
ber, and the work is done. 

BZAMPLJB 1. 

MMply \ by \. 

£XAMPLB 2* 

^ Multiply H by ^. 
Here 42 X 24 = 1008 N. N. and 56 X 33 =: SISS 

N. D. ^nf, 4x|t« ^ 

Tyb. Nothing is cafier than this, indeed. Pray try me 
with a few queftions. *^ 

Phi. I will } and I am fully perfuaded that you will 
work mbft of them, if you rightly obferve the rule, which, 
pni^ look at once morci left you be not perfed in it. 

^ EXAMPLE 3. 

Multiply "tip by i^, 
Tyr. Firft 4765 X 14 = 667 10 for N. N. and 
9 X 29 - 261 N. D. jiftf. «mo = 255 iH. 
Phi. You are very right. 

SXAMPLfi 



jtn/. f8=i. 



TOfcGAR V«.ACTl«llt4 32 

r • EXAMPLE 4, 

Multiply i of \ by \- of \. 
Tyr. Firft5of|- = 4^; and^of |=|4; therefore 
I fflttltiply 4^ by ^, and the amfwer is ^^. Now TU - 
aik you one» if you pleafe; 
. Phi, Pray do* 

SrAMPLE 5. 

' Tm. Mukipfy\Afi.\byn£.i, 

P H|. Tbeie being mixt-numbers, they are equal to impro^ 
per fra6lions, that is 4 1 ^ = 5^ ; and 1 2 |^ = V 5 ^^'' "» 
«f« and V- Now 209 X 51 = 10659 ; and 5 X 4 = 
SO ; fo that the anfwer is ^nr^* wluch reduced to a mixr 
DunAer, is 552 |^ ; that is, 53fi;^- 19^^ 

Ttr. Now I think It can do any qu^ion in this rule. 

Phi. Perhaps fo ; but it runs in my head that I can 
puzzle you in one of the two next examples. 

EXAMPLE 6. 
Multiply U£. i of^i by 9£. I of ff . 
Tyr. I know I can do this. Firft, ^ of |- = -JJ^ viz. 
= f ; and |- of f|. = fi-* ^^^- = h Thereiore I multiply 




-= 138 '^ = 138;g*- 18j. 9^ 

Phi. Very well done; and the better, becaule you ab- 
breviated the fradion ^ and ^ ;- for. which you will fee the 
reafon given in the method of Abbre^ations, Dialogue 
XV». Secl 2. Now for the fecond queftion^ Tyrunculua. 

EXAMPLE 7* 

MhniplyUf. ^iy 13A 

Tyr. Let me fee ; U^Tf by TSj^— Why here isfrut 
one fraftion given. ] belieyeryeuhave fet menow, indeed* 
/ Phi. It was bui this tnflant that you ^id ^ou i>elieved 
you could do any funtiin the rule.— Why don't ybu-make a 
fraAion of the. whole number 13 ? 

Tyr. I muft know How firft, 

Ph I. Oh> for iharoe ! doof t yon know, fo plainly as I tol^ 
f oaia Dial. II, Obfery, 4. Pray don't forget your former in» 

C 5 flrudiionsi 



(Irudlions, and then blame me ; I thought this would put yo« 
to a nonplus. However, it is the firft great error you hate 
committed* fo we will pafs tt by ; but pray be more cafgfol 
for the future. 1 told you, to make a fira^ion of a whold 
number, is only putting unity under it. Thus, IS is = y • 

Tyr. I blufli to think I fliould be fo remifs. Howerer, 
pardon me ; I know now eafily how to perform it : for 14 
•§• == H^ 5 and 13 =r y ; therefore by multiplying A|J- by 
V» I have ^ = 189 f ; that is, ISft^. 4x. Sd, t -I or 
^ of a farthing Anf. 

Rhi. Very right, Tyrunculus ; and now I ihall make 
fome obfervations, which, though already known to fuch 
as arc well verfed in Vulgar FraSions, yet, as they are not 
taken notice of by any author I am acquainted with, it may 
be ferviceable to yon and others. 

Noxi 1. 
When one fimple fra&ion is multiplied by another, the 
produdl wilTbe a (Imple fradtion, therefore the anfwer is lefs 
than unity. It will alfo be lefs than unity when one com- 
pound frad^ion is multiplied by another, provided they be 




of 9L£. or 10 fhillings. 

NOTE 2; 

Contrary to this, one improper - fraftion multiplied by 
another is more than unity. ' Thus if you take the ftadions 
in example ] , and invert them, it willbe ^ of a.;^ . niulti* 
plied by I of a £. and the anfwer will-be |§=: S whole in- 
tegers, or 2^. ^o that the prodwd how is juft four times 
^}.ore than it was before. 

NOT! 3. ^ • ^ 

i When -a.fimple ftadion is to^ multiplied by or with an 
improper fra6Hon, the produft will he fometimes a fimple 
and fometimes an improper fra£Hon% Thus ^ inultiplied by 
V produces he fimple traAiOo-^ ; hut^ multiplied by f 
gives tI^ an imprpperifra^tony for" the anfwer* 

. ■ '■. \ • -' "• MOTS 



TULGiJL FRACTIONS. S5 

MOT! 4. 

When the numerator of one fradion is equal to the de- 
nominator of the other, and the denominator of it equal to 
the numerator of the other, then will their produ6k be unity, 
or 1. X^us I- multiplied by ^ the produ^is||c=:l (See 
Dial. II. Obferv. 3). So alfo ^ of a^^. into V of a;^. = 

Tyr. Thefe obfervatious are of great fervice to groood 
any one in the right notion of Multiplication. But, pray, is 
there no method to prove this rule ? 

Phi. Certainly there is ; and this is the beauty of arith- 




FROOF. 

Now V = ^£* ancl V = 5;^. and 4 X 5 = 20,^. 
as above* &c. Sec. 6tc. 

Tyr. I am highly obliged to you, Philomathes, for your 
care in giving me fo many examples. Pray, is there any 
thing more worthy my noticcj or neceflary to be known ia 
'j^ultiplication ? 

Phi. Nothing: I have, indeed, been more particular 
already than I intended ; therefore I fhall pafi diredUy i<^ 

SECT. IV. 

OF DITlSXOir OF VULGAR FRACTIONS* 

Tyr. How do you divide one fcaiflion by anothex ? 

RULI^ K 

Phi. After haviag reduced all mixt numbers and com^ 
AOttndfra<5tions, as before directed, to iimple or improper 
^a£tions, the rule is^ multiply the numerator of the frac- 
tion fo be divided into the denominatoc of the fra^ion you 
divide by, and pl^ce their produdl for a new numerator f. 
then multiply the denominator of the dividend into the nu- 

C & merator 
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merator of the divifor for si new denominator, which place 
under the new numerator for an anfwen Or, 

N . ^ ^ RULE 2. 

If you invert the divifor, that b, turn it into contrary 
order, by fettiog the numerator underneath, andnhe deno- 
minator over it ; then multiply the numerators and denomi- 
nators together, as in Multiplication, and you have the fiime 
anfwer as above. 

IZAMFLI 1, BT RULE I. 

Dividf ^ By ^.' Jripwer ^ 

SAME EXAMPLE BY RULE 2* 
EXAMPLE 2, BT RULE 1. 

Divide ^* iy r^. Jn/.i^*=2^. 

SAME EXAMPLE BT RULE 2. 

Mubif/y V fy y . j^nf. i^ as lefore. 

, . TvR. I like the fecond as virell as the firft way. 

Phi. Ufe which you pleafe, provided you are but pcrfe£! 
in either. There is no occafion for any more examples, 
Teeing that you have a rule both for fimple and compound 
/rations. However, I'll give you an example or two more 
by way of exercif^. 

EXAMPLE 3* 
Dividt 41;^. I iy 6£. I ; that is, diny'tde l^ I^y V- 
Jinf. VgV = 6£.-^; that is, 6£.5s. Id. ^. 
And after the fame manner for compound fractions. 

Tyr. I tinderftand you quite well. Pray, is there any 
thing elfe to be obferved in -Divifion ? 

Phi. I fhall make a few remarks upon the rule itfelfj 
which may be of fervice. 

NOTE 1. 

WThen an improper fraftion, having unity for its denomi- 
nator, is to be divided by a fimple fradlion, whofe numera« 
tor is alfo unity, the quotient will always be an impropei 
fra^ion, having unity for its denominator, and therefore 
confequently equal to a whole number. 

NOT! 
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NOTE 2. 

When the denominators or numerators are not nnity^' 
tlie quotient will ibmetimes be an improper and ibmetindes 
a (imple fraction. ^ 

NOTE 3. 

From hence it is eafy to perceive that divifion of 
fra^ons will anfwer the fame end as common M ultiplica- 
tion : that is, a leis number may be brought into greater by 
this diviiion, contrary to common Divifion, viz. moidores, * 
gaineasy or pounds (lerling, into pence and farthings ; or 
a hundred weight into pounds, ounces, &c. 

Tyr. What do you fay, pounds maybe brought into 
pence and farthings by Divifion ? I thought Divifion had 
made any number lefs, and not more ! 

Phi. It is true it does fo in common Divifion, but it 
IS quite contrary in Vulgar Fradlions ; for here, more is 
brought into lefs by Multiplication, and lefs into more by" 
Divifion. 

Tyr. I (hould be glad to fee ari example of this fort, if 
you pleafe ; for I have heard ibme great pretenders to arith* 
metic fay it cannot be done ; 'tis contrary to reafon. 

Phi. Pieafe then to propofe a queflion yourfelf* 

EXAMPI.E 1. 

Tyr, 7/ is required to hr'mg thirty moldores into farthings^ by 

Divifion only. 

Phi, And cannot you do it, think you? 

Tyr. Why really at prcfent I am at a lofs. 

Phi. Pray be pleafedto read over Note 1, in Multiplica- 
tion and Divifion, for Lt is only for want of being perfed in 
them, and truly underftanding the nature of different frac* 
tions, . Obferve, thqn : • • . 

As one part of the given queflion is farthings, and the 
other moidbres, I reduce (by Cafe $, in Reduction) a far- 
thmg to the fraction of a moidore, which fradion I make a 
divilor ; and the whole number SO I makeafradtion of, aIfo« 
for a dividend ; fb will the quotient be the true anfwer.— 
See the work* 

By 
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By Cafe 6, of Redudlion, iof -^ of ^ = ^-^ of a 
moidore for a divifor ; and 30 will be ^. Now ^ -7- 
xfrj s=z XlfS^ ; that is, 38880 farthings. Do you iin« 
derltand it ? 

Tyr. Yes, quite well ; I could not have thought it had 
been fo eafy : tmt| pray, what does this nuirk -7- figoify i 

JP^hat -^ ^^^' ^^ ^ ^^^ %" ^ Divifion, andCbews 

>^.^ * that the oumber before it is to be diyided by 
J^J^^* the number after it. 

Tyr. Very well. Pray try me with a queftion of this 
Ibrt? 

EXAMPLE 5. 

Phi. // u require J to Bring 84 guineas into fartlmgi, if 

Divtfion otiij, 

; Tyr. I find (by Cafa 6, of Redu6tion) a farthing to be 
•qua! to -j.^ of a guinea. Then y 4. rj^^ s=s S4^2 
farthings jfnf. 

P«ri. Very right ; and pray remember that the fame is 
to be done by decimal fra^ions, by finding the decimal of 
a ^rthing at a moidore or guinea the integery and dividing 
the whole number thereby, you will have the fame anfwer* 

From hence will naturally arife the felf- evident truth of 

NOTK 4. 

That when any whole n amber is divided by a fimple frac- 
tion, the Quotient will be fo much larger than the aividend, 
as the divilor is lefs than unity ; but when a iimple fra^oa 
is divided by a whole number, the quotient will be fo many 
times lefs than the dividend, as the divifor exceeds unity. 
Thus, 5 divided by ^ ia equal to 20 ; but | -r 5 = but 

And thusy Tyruncultts, having finiihed thefe four rules, 
^th variety 6f examples, I fhall now exercife you in them 
with fome practical queftion s in the rule- of proportion, 
which, if duly obferved, will make you a complete maftet 
of Vulgar FradBons. 
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' DIALOGUE IV. 
SECT. I 

' THE IIULB OF THREE IN VULGAR FRACT10!*8» 

Ttr. I AM proud to think I am got thus far, and 
yet 1 aimoft dread the queflions you are going to fet me» 

Phi. If you be perfed in the foregoing rules, you have 
no reafon to fear this at all ; for it is nothing die but put- 
ting the others in practice. 

Tyr. Is not the Rule of Three of Fradions wrought ia 
the fame manner as.the common Rule of Three Dire<5 ? 

Phi. The very fame, due regard being had to the ft^ac- 
tions. There are two methods, the fecond of which is 
(in general) the readied and eaiiefl; but you may Cake 
your choice. 

RULE 1. 

Having reduced all compound to fimple fira^tions, and 
all mixt numbers to improper fradlioos, then (late your 
'queflion by making the ^tlk and third number of one name 
or denomination ; this done, multiply your fecond numfoM* 
by your third, and divide by your firft, apd you haye the 
amwer. Or, 

RULTS 2. 

Having reduced the fractions, and placed the nun^rs 
ii> order as before direfted, multiply the denominator of 
your fird number into the numerators of the fecond and 
third for a new numerator ; then mul^tiply the numerator 
of the fird fra(5lion or number into the denominator of the 
fecoqd and thirds for a new denominator^ which place 
under the new numerator for an anfwer, 

EXAMPLE 1. * 

Jf i of a yard coji ^ofa£'> luhat coft 25 1- yards ? 

Ifi j-'. ■ 25|. 

.8 
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Now i|i X I = -4!^ ; this -7-1 = VW = 28 jC. 

Or, By RULE 2. 
Having dated the quefiioii thus. If | — f — 24^, I 



molciply the denominator of my firfl number (viz. 4) 
into the numerators of the fecond and third (viz. ^ and 
205)> and it gives 4100 for a new numerator.. Then I mubi 
tipiy the numerator of the firfl (viz. 3) in to the denonuna.- 
tors of the fecond and third (viz. 6, and 8), and it giye^ 
144fofa new denominator. So is the anfwer ^-^^ =z 

Tyr. I think, as you fay^ this fecond method is the beft, 
if lit were only becaufe it faves the trouble of diviijon. 

Put* It is the belt way in your plain eafy queflions, but 
in fome refpe^s the firft method is more pra<5ticable j how- 
ever, either way, you fee, anfwers the fame end, and there- 
fore yoo may take either of them, as- pradUce or fancy 
may diredl. 

Tyr. I fhali take care to be perfedt in both. Pleafe to 
try me with a queiUon. 

Phi.. I will. 

EXAMPLE 2. 
If a load of wheat coji 7£. ^y what cqjl one hujhel ? 
Tyr. a load being 40 bufhels, I .flate it thus : 

24 . 
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24 Now y^ Xi — W .; tills -r V! ~ 
11^ o{sl£. which reduced, the vajue of it is 3!^. 9|^. jinf. 

' , SECOND WAY. . 

Firft, I reduce the mixt ^number 7 44-^0 an iraproper 
fradion, and it is '^^, as above ; then the numbers will 
Hand thus ; 

Jfow 
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Now 1 X 185 >^ 1 = 182 N. N. and 40 X 24 X 1 = 
960 N. D. So is the anfwer 4f J = 3/. 9i^o as before. 
Phi, Very well done, Tyrunculus, 

EXAMPLE 3, 

What is the wiereft of 2 19;^'. -f- for a year at 5£. iper cent ? 

Tvi. Here I muft crave yotur affiftance. 

Phi. You (hall have it in words at length; 

Firft, lf^Z 5i 219f. My 2d and 3d terms 

being mixt irambersy I reduce them to improper fradHons, 
and they are V and t^. Now V X ^ = V^ % 
this -r- the 111 number i^ gives ^iri^s which reduced td 
a mixt number is 1 1^^. j^^j , viz. 1 1£> 16V. Od* 3 qrt» 
1^ =s a^ s -j^. Try it at leifure by the fecond me* 
thod. » 

Trs« I could not have thought V ulgar Fradiom had 
been fb defuK 

Phi. Nothing more neceflary than theie and Decimal 
Fradlions for the ready finding the intereft or value of any 
thing, efpecially when the queilibns are not in whole num^ 

hersi as you will fee by the following examples* 

J '■ 

EXAMPLE 4. 

A merchant mates an affitrance upon a Jlnp and cargo (hound 
to a certain port) vaiued at 4500;^. 15«.» and agrees topt^ 
l6 guineas per cent. / ivbat comes the premium or charge of 
the ajfurance to ? 
Tlrft, \6 guineas being 16^. \6s. this in frafltons is \6 

1^ =r 16 ^ ; and 450o/. \5s. is 4500 f. This and l6 f 

reduced to improper fradions will be ^ and V?^^! . Then 

.will the number uand thus : 

ff < OO 1* \ 8003 

Now by Rule 2, 1 X 84 X 18003 =s 1512252 N. K. 
And 100 X 5 X 4. =s 2000 N. D. So is ^^j^^ the 
anfwer, which reduced to a mixt numbeii you have 756£^ 
ii^ =: 756£. 2s. 6d. ^i^ or ^. 

SXAMPtS 
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EXAMPLt 5. 

if %x of B £. 420 \Jo€kj and gives £. J)5 \ per cent. 

fVhat comes it to f 

Firft, 420 f = \^J and 95^ = ^ Then, 

If X|J2L i.»^ - t^ 

^nf' -i\%V — 402^ 19/. 11^. 2 qrt. {^ 
The proof of this is worthy your obfer?atioo, Tyrwi- 
cuius, to fiiew you the beauty of fradlions, which I uJert 
purely for your iktisfa&iony to give you a juft idea of things 
of this nature* 

PROVED ANOTHER WAY. 

Firft, £.g5 ^ per cent, wants £a f per cent of bebg 
cent, per cent, therefore the queftion may be read thust 

IFiat come£. 420 f fOf dedualng £. ^\pir cent f 

Then, 
If Xja 4| 420 |. 

Work as in the Uft, and you will have V^ s 17;^* 
1^3/. 4^. 1^. -f^ Anfwer. Now this added to the font* 
going fum 4X)2/. \Qs. \\d. Qqrs. fg4, is equal to Ae origU 
Dal ftock prop(3ed, viz. £. 420 f = 420^. 13/. 4</. 

Ty R. Indeed, Philomatha, this is deiightfiil ; pray con- 
tinue your examples. 

Phi. I am as ready to do it as you are to afk ; but re- 
member, Tyrunculus, by way of digreffion, ** We muft 
cut our garment according to the cloth ;" I have already 
given more examples than I intended ; but ftill, if you have 
any particular queftion to afk me, 1 am ready to do any 
thmg that may be of fervice. 

Tyr. Sir, you are extremely kind to indulge me thus 
far ; but what I have to add is this, that by what I have 
feen of this rule, it muft be ver}' ferviceable to tell the nature 
or proportion of coins. Is it not ? 

Phi, To be fure it is, efpcdally when* the. different forts 
of exchange widi feme other current money is not alto- 
gether equal to our pound fterling. 

Tyr. I will alk you a queftion^ then. 

IXAMPLS 
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BXAMPLB 6. 

ji merchant in Holland draws a hill upon his corre^tondent 

in London for 4280 ducatoons^ at 6s, 3d. |- each ? tabai 

muft he receive in- pounds Jlerling f 

If 4- 6s.Sd.\' ^^. 

Firfly bring the fecond number into pence> then multij^y 
tbem by the denominator 5, and take in the numerator 3^ 
fo will rfie numbers be -f ■ -S-Ji. and ^-S^. Now by 

Rule 2, 1 X 378 X 4280 = l6l7840 N, N. And 1 X 
5 'X 1 = 5 N. D^ So is \^^ll%% the anfwer in pence^ 
▼iz. 323568 = 1348jif. 4x. Od. 

Tyr. Pray, prove the work by whole numbers. 

Phi. That b done very eafily by Prad^ice, or feveral 
other ways. But for common underftanding, I know none 
better than this. Fird, find the value of 4280 pieces, at 
6*» Sd. (that isy at 75d,) each, and it is 321000^. Then 
yop have got to find the value of 4280 pieces, at f of a 
penny each ; therefore by multiplying 4280 by 3$ and di^ 
^ndmg by 5, you have 2568 pence, which added to the 
Other, will ^ive you the anfwer as follows : 
4f 80 {neces at 75d. = 321000 
Dkto, at |(/. s 256a 

Ditto, ' at 75id.sz 32S568d. == 1348;!^. 4#. Oj. 
sis above* 

Tyb. Th^ I am always to multiply by the nameratOTi 
and divide by the denominator, in fuch cafes, am I not ? 

Phi. I know no eafier or fhorter way, I affure you. 

Tr R. It is ea(y enough, indeed, as you fay^ and I am 
obliged to you for fo plain a demon Oration. Give me leave 
to afk you a queftion ftarted the other day in my company^ 
and I'll have done. It is this^: 

EXAMPLE 7*« 

^ poor man dyings leaves 20 JhilRngs to bis four fons^ A^ JB*, 
C, andD ; to A he left ^, to B \^ to C \^ and to D \p 
n»ith a particular charge that the 'whole might fakthfuUy he 
diftributed among them : it is demanded 'what each legacy 
amounts to ? 

^ Tkis and the foregoing example were added hy deiire of a friend 

Fhu 
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Phi. I have not rodm to infert the whole work, but 
will plainlj tetl you tht method of doing any thing of tliif 
totu 

Firft, I take the f, i» -y, -J- of 50/. and adding the parts 
together, I find the fihn hut 19/. So that the executor has 
Ix. in hand, and the will is not fiilfilled. Then fay, if l9x*. 
^▼e |, (viz. 6i. 8//.) what will eO/. give ? Proceed thot 
ivtth the reft^ and yoa will find the anfwer to be as oade^:: 

A's (hare 7 r^ 

B's 5 5 A- 

C's 4 2 ll 

D's 3 6^ 



Sum I § 

This (hews the parts are not always eaual to- tht wholJ!)| ' 
Ibttt fometimes lefsand foraetimes more ; for had he left the 
h h h ^^^ ^^ i o^ ^^' ^^ would amount to 35f • 84& 
which you fee b 5x. Bd. more than the whole, thoughelcb 
part feparately is fuch an equal part of the whole wit^ut aoy 
remainder. Their (hares, then, of the 5/. S^» are found 
as ahove, only now faying. If 25/. 8^^^ be 20s'. what will 
|y or 10/. be, ftc. 

.' NoU» — By the (ame method & (bond the* particular 
(hares of every creditor when a man breaks, or becorties'i 
Ixmkrupt ; as alfo how much in the £» his effc&s amount to, 

Tyr. I return you hearty thanks, Sir, for your care; 
and I do afTure you that I underftand the nature of what I 
have feen very well. . .^ 

Phi. T am glad of it, Tyrunculus ; but you will be mora 
csonfirmed it) the knowledge of fra<Elions> and will know 
better how to appFy them to ufe, if I (hew you fomething 
of the nature of Abbreviations. 
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. . ' SECT. II. 

OF abbrbviationIb* 
TTyr. What is the ufe of abbreviations ? \ 

Phi. The" right underftanding of abbreviations will 
mightily help to (horten the work, and fave a multiplicity 
of figures : beddes, without them it would be quite difficult 
to perform fome queftions ; at leaft very tedious, as you'll 
(ee by and by. 

Tyr. What, would you have me firft abbreviate the 
firaftions before I begin the queftion? 

Phi. To be fure I would, when they will allow of it; 
for, Sf you remember, you did it yourfelf in example 6, in 
Multiplication. 

Tyr, I believe I did; however, let me have an example 
or two, that I may the better underftand it.. 

Phk You fhall. 

EXAMPLE 1. 

If'^cfahadcoft^ofd£. wbaiea/l\2^? 

Firft, ^ = |, .32^ = f, and 14 = |.. Therefore the 
fomroay be thus read : 

^f\ 9f^ loadcqft^ ^f^£' '^^^ ^£/^ 12 -f- ioads ? 

Anf. £^S -i^ 3= 8 ;^. 5s. Now is it not eafier to work 
with !•> f I ^nd I* than with the original fradlions -j^, J^, 
andfl? 

Tyr. I fee the thing ; it appears quite plain to me now ; 
and I ihali take cafe to pbferve it. Is this all you have to 
by vpon abbreviations ? 

Phi. No ; I have fomething more to add, wherein you 
will fee the beauty and uie of abbreviations more plainly : 
befides, your friend Difcipulus deiired me to communicate 
it to yoQ, as very few or none have taken notice of it in 
their writings. 
. Tyr. Pray, what is it? 

Phi. It is. To know whether a fra^ion, when abbre- 
viated (or reduced to its loweft terms), be equivalent in all 
re{be£ls to the original or given fradion. 

Ty B. I know no method of proving it, but by comparing 
&e value of one with the value of the oiher ; thus I nnd fj- 

of 
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of a £. IS equal to 13x.. 4</. and I find |. of a ;f . to be the 
fame; tLeiefore I conclude that \ is =-y|'' 

Phi. It is right; out fuppofe you could neither ablMre* 
viate a fraflion, nor yet find its value ; how then would yoa 

Tyr. Th »t I do not know. 

Phi. Indeed, Tyrunculus, though you can work the Rule 
of Proportion pretty well, you are no great judge of the 
nature of it, I find. Obferve, then. 

Firft, As the numerator of the fra^on. in its lowed 
terms, is to its denominator, fo will the numerator of the 
original or given fraction be to its own denominator : or^ 
as one numerator to the other, fo will one denoininator be 
to the other, &c. 

EXAMPLE ^. 
7 prove ^whether \ he equal to ^^^ or |-|^ = iSai ' S* 

Firft, as 3 to 5, fo is 84 to 140 : or, as 3 to 84, fo is 5 to 
140, &c. Again, as 127 to 180, fo is 30480 to 43200, 
&c. &c. &c. 

Tyr. I am yet more obliged to you, Philomathes ; lor 
this mufl infallibly prove what you have faid, fure enough. 

Phi. Since you are fenfible of this, Tyrunculus, I will 
ihew vou another way to piove it much fhorter and ea&r 
than the former. 

, Second, When you have reduced any fra^ion to its 
Ioweft» terms to prove whether it be right, multiply the 
numerator of the original fradtion by the denominator of 
^e abbreviated one ; and the denominator of the original 
by the numerator of the abbreviated one ; and if the pro« 
^tt£^3 are equal, your work is rightly performed. Thos, 
take the two fra6lion8 above, viz* -^^ == |-. For 3 X 140 
= 420, and 5 X 84 = 420. Again, |^^ = m : fiar 
30480X 180, and 43200X 127 are both equal to 5486400. 

Tyr. I'his is ihort and eafy, indeed. 

Phi. I will now give you an example or two, to ihew yon 
that the knowledge, of abbreviations is of more ufe than 
you imagined. 

IXAMPLB 
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EXAMPLE 3. _ 

Jl and B are two merchants^ hut of different places ; A owei 
B ^£. \2s. 9d. Now lOOj^ . of A*t current money it 
sguafto 140^. o/B's : ivifot mtsft A pay to remt the afore* 
faiddtbt^ 

See the <worh 
£• X. dn 
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Ty a. This is fhort indeed ! 

Phi. But you know the reafon, I hope, of my multiply* 
iDg and dividing by thefe figures ; do you not ? 

Tyr. Stay, let me confider a little upon it. I fee the 
reafon now plain enough. They are in proportion to each 
other as the current money of the places are, I perceive ; 
that is, ff^ = f ; for as 5 to 7» fo is 100 to 140. Is not 
this the reafon ? 

Phi. Mof^ certainly ; for I can multiply and divide bet- 
tfT by 5 and 7 than by 100 and 140 ; befides, how much 
fhorter is this, than to work it at length by the Rule of 
Three Direft \ So alfo if 108 £. of A's be equal to 45/. 
ofB's» then I multiply by 5, and divide by 12» becade 
•j^ = ^, and the anfwer will be 19^. 8*. 7W Try 
you at it, iuppoiing 105;^. of A's be equaito 165^. of B's. 

Tyr. I will. Sir, and I heartily thank you m this ad« 
ditional and ufeful obfervation. 

Phi. The pains I have taken I fhall count a pleafure, if 
you make but a good improvement : and let me periliade 
-yoiinot to meddle with Algebra till you areperfe^m Frac* 
tions ; for if you do you will not be able to make a right 
judgment of the problems, much iefs know how to do them* 
If you think you underftand what you Have done, there 
remains but one thbg more before you enter upon Algebra^ 

and 



48 AlCBBRAIC signs/ &C. 

and that is^ that you learn the figns and charaders thereia 
ttfed. 

Tyr^ You have (hewn me fome already. 

Phi. I know it; but there are a great many m6r6; 
therefore I fhall write them down^ and give you them homCf 
that you may learn them by heart before I fee you again ; 
which, though I am always glad of, yet» upon this occafiooy 
I neither dehre nor expedl, tillyou have learnt them To per- 
fedtly as to know their meaning the moment you fee them. 

Tyr. You may depend upon it^'PhilomatheSy in a fhort 
time : where be they ? 

Phi. Stay a little. Here, T)rrunculus, here they are, 
and I wiflx you well to learn them. 

Tyr. I heartily thank you, Philomathes> and am your 
fervant. 

Phi. I am youi's, Tyrunculus. 

SECT. III. 

AN EXPLAKATION OF THE PRINCIPAL SIGNS AND CI^A* 
RACrSRS USED IN ALGEBRA. 

1. This chara6^er (-^) is the fign of Addition, and 
fignifies that the numbers or quantities between which it is 
placed are to be added together in one fum. Thus, 3 -|- 5 
fhews, that 3 and 5 are to be added together. It (lands 
for the, wotd more .alfo. Thus, 5 -J- 4 -^ 7» is read, 5 
more 4^ liore 7> which makes l6. So alfo, a -f-'^ -|- c -|- 
</, iheWs,thal a, b^ r, and </, are to be added together. 

2. This charader ( — ) is the ilgn of Subtradlionr and 
fignifies that the numbers or quantities which come after 
it are to be taken from the numbers or quantities which 
Aand before it. Thus, a ^ S'—^c^ (hews, that the quan* 
tity f is to be^ taken from the fum o(a and i. Ic (lands for 
the word k/s alfo. Thus, 9 — 5, is read, 9 ^©fi 5, which 
is 4 ; anS^.— 9 is 6 lefs 9, and (hews that 9 is to be taken 
from the quantity tj &c. 

l/oie 
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jtfote farther^ that (+) (ignifies a pofitive or afiirmatkf 
quantityj or abfolute number ; but ( — ) fignifies a fidioiis 
or negative quantity or number ; a want or deficiency.— 
Thus — 8 is 8 times lefs than riothing. So that any nuni^ 
ber or quantity with the fign + being added to the fame 
number or quantity with the fign — , their firni will be equal 
to nothing. Thus 8 added to — 8 is equal to (O) ; but — 8 
taken from 4. 8 is = l6« (See Cafe 2d in Addition and 
' Subtradlion of Algebra.) Again, 

An afteriik (*) is frequently ufed for a cipher in Sub- 
tra^on, that is, ir j^ e taken from ^ + r, there remains 
*, or nothing. 

3. This charadlcr (X ) is the fign of multiplication. It 
fignifies into, or multiplied by. Thus, 4X^X3, (hews 
"that 4 is to be multiplied by or into 5, and their product 
into or by 3. So alio ^i X ^ X ^ X ^i fliews the conti- 
nual mi duplication of j, by r, and d. 

^ When quantities are placed one after another, with- 
out any fign or chara6ter, it (hews their multiplication*— • 
Thus ^ji is ^J X ^» ot a multiplied by b. So abcd^VN% the 
product oia into by into r, into dy &c«— Joining of quantities, 
therefore, is multiplying them together. 
. 4* This chara6^er (-r>) is the fign of divifion, and figni« 
fies that the numbers or quantities before it are to be di« 
vided by the numbers or quantities after it. Thus ^ -fr ^» 
(hews that a is to be di?ided by ^ ; fo ,16 -7- 4 fhews that 16 
muft be divided by 4. 

NoTE,~There is a better way of exprelEng divifion, 
and it is more frequently ufed ; and this is by placing 
the dividend at the top, and the diviibr undetneadi it.-* 

Thus a divided by 2 is fet thus, -. • So alfo 1 6 divided by 

b 

4 is thus placed, *^, &c. &c. 

5. Thefe two lines (=) are the figns of equality, and 
fignify that the quantities and aumbers on the one fide of it 

, are equal to the numbers or quantities on the other* 

6. This charafter (tt) is the Jign of continued or geome- 
trical proportion 5 thus, <i -H- ^ -H- f , &c. are quantities ia 

D geometrical 
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geometrical Droportion. But geomettical proportion tf 
better expreued by one and the fame quantity^ with the Ogn 
afte^ them. Thus, a^ aa, aaa^ aaaa^ a', a^, &c. are 
quantities in geometrical proportion. Soalfo2y 4^ S« iff^ 
32) &c. are in continual proportion. 

7. This chara^er ( : ) fjgnifies the word to ; and this 
( : : ) fignifies the words fo u. When they are joined 
together thus (: : : :)» they are the rule of proportion ; 
and being placed between numbers or quantities thus 
(aitiidze), they are thus read or exprefTed : As ^i to 3, 
(6 \b J to ft Or thus, 4:6 : : 8 : 12» is as 4 to 6, fo is 
S to 12» &c. 

8. This charadler (^) is here ufed to fignify tranfpofitiony 
and (hews that the number or quantity before which it is 
placed is in the next line or (lep tranfpofed to the other 
lidc of the equation, with a contrary fign. 

g. This charad^er or letter (Q) is alfo here ufed, and 
deifies iy the queJUont as you may fee in the work of the 
following problems. 

10. This chara6ler (V) is a radical fign, or fign of the 
fqaare root, and fhews that the number or quantity before 
which it (lands is to have its fqaare root extracted. 

11. This charadler (V) is the fign of the cube root, 
and figoifies the e^raAion of it, as in the fquare root above. 

SECT. IV. 

OF COMPOUND SIGNS OR CHARACTERS. 

3 

1. This (V fl X ^ + r) fignifies, that the produft of 
« and h added to c is to have its cube root extraded. The 
fame of the fquare root. 

2. This {way, h ^ e ^^ d) fhews, that after the 
quantity d is taken out of the produft of a and b more the 
fum of r, the remainder is to have its fquare root extracted. 

3. This long dafh ( ) is often ufed to linker cou- 
ple quantities togethc:r, f(»-. the better reading or underftand- 

iag 
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ftig tbcin, Befides, they are difFercntly etprefled to what 
they are when it is wanting. Thus, j x ^ + ^ + ^ has 
quite a different (igiiification to what it has with the dafh 

oter it thus, ax ^ •{- c + //; £ot a X ^+r + ^ Ggai^ 
fies that the quantity ^ is to be multiplied by the fugi of ^, 
f, andt/y whereas, without the dafli, it would fignify only 
that the fum of the quantities c and J is to be added to the- 
product of a into ^. This will be befl underftood by num- 
bers, 

(t T" Let 6 rep refent a, 4 ^, 8 r, and 12 d. Now 

6X4 + 8 +12 = 144; but 6 X 4 + 8+12 will 
be but 44. So that the difference on account of the dafh 
is 100, &c. &C. — Note further. 

This dafh is often joined to the tail of the radiant figfU, or 
the fign is continued longer, whjch is the fame ; 4ind ac« 
cof ding as how far the ^afli is extended, it has a differeist 
iignification. 

4. Thus, V OT + -- + dJ — c, fignifies that the quaa- 

4 

tity c IS to be taken out of the fquaie root of m + -7- + <^ 

5. But V m + zll+if^ ^ e fignifies that only the 

fquare root of m + — is to be e5ftra£led, and thea the 

4 

difference between the quantities dJ — ^ to be added to it. 

The (ame for the cube TOOt. 

6. This charafter (+) fignifies more or lefs fuch a quan* 
tity, and is ufed often in extra6tioa of roots, completing 
of^iquares, &c« 

7» tt3* Figures are firequently fet over quantities to fliew 
how often they are exprefled, and to fave the trouble of re« 
peaiiog or fettmg down the letters fo often. Thus, i^ fig- 
nifies the fame as if the quantity b was written, expreffed, 
or let' down four timcS) thus bhbk So alfo 99* is kxxxxxxx^ 
&c. J> 2 CHAP* 



52 

CHAP. 11. 

DIALOGUE v.. 

Between PhUomathes anJ Tyrunculas, concerning jiddttion^ 
SubtraQion, Multiflicatlonj and Divifion of Algebra. 



Philomathes coming to vifit TyrunciHus.— — -Tyruncalos 

flanding at his door. 



Phi. good morrow to you, Tyrunculus. 

Tyr. Kind Philoroathes, your fenrant : if I may be (b 
free, whete are you walking thi» morning ? 

Phi. Why, Tyrunculus, to fay the truth, I came only 
to fpeak to you : it is (bme time ago (if yon remember) (ince 
Ii gare. you a paper, and I expe^ed before now that you 
would have come for frefh inftrudlions and examples ; bat 
your flaying fo long, began to make me think you had given 
over the thoughts of Algebra again, and had negledcd to 
learn the figns and characters you had of me for that pur« 
pofe.' ^ 

Tyr. I am forry I have given you occafion to think fo ; 
but the reafon of my not being with; you before is becauie 
I have had fome particular bufinefs upon my hands, and that 
ypu know mud be minded ; however, I have learnt them 
perfedlly by heart, and know the meaning of them very 
well. • 

Phi. I am glad of it ; and you intend, I hope, to ap« 
ply them to pradlice ; do you not ? 

Tyr. That I do, as far as leifure from more material 
things will allow of. 

Phi. Well, then, are you at liberty to go home with 
me. now ? lam no ways engaged. 

Tyr. If you infift upon it, I will ; but I had much ra- 
ther you would fpcnd an hour or two with me, now you 
are here : you fliall be heartily welcome to fuch entertain- 
ipent as my little houfe affords, and I fhall eiieem it as an 
inftance of your kindnefs. What fay you ? 

"Phu 
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Phi, I heartily thank you, Tyrunculus. Entertainment 
by way of eating and drinking, I regard not any further 
than to fatisfy the real wants ot nature ; it is the converfa- 
tion I value, and had rather pleafe my mind than my appe- 
tite ; therefore, upon promife that you will not put yourlelf 
to any troublf, nor provide for me any other way than that 
you intended for yourfelf had I not dropt ini I will ipend a 
few hours with you. 

Tyr. Upon my honour, I will not. 

Phi. Conne, then, Tyrunculus, let us be doing. 

Tyr. With all my heart; and, pray, what is the firll 
thing in Algebra that t am to begin with ? 

Phi. As you ynderftand Vulgar Fra6^ion8| and know 
"the figds and charaAers, you (ay, the very irtt thing that I 
ihew you will be Addition* 

SECT. L 
addition of algfbra. 

Tyr. How is Addition of Algebra performed ? 

Phi. The fame* as commba Addition, provided the 
figns be both affirmative, or both negative, as you will fooa 
find by the four followipg; ca&s. 

CASS 1. 

Ofjimple quantiiies or integers having the famejign. 

' When the quantities to be added have the fame figa 
(viz, both -J- or both — ), then add all the co-efficients or 
numbers together (if any there be), and place the quantity 
after them, with the fame fign alfo before thenu 



£X. 1. 

Add + a 

+ a 
+ a 


zx. 2. 

+ ih- 

+ b 
+ 4* 


EX. 3. 

— Sd 

— d 
'-Id 


Sum + S a 


+ 74 


—13 V 
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BX* 4. EX. 5. 

+ 5 aadd — bed 

+ . 4 otfie/c;^ — bed 

+ 6 ^itfi/e/ — bed 



Sum + 16 aadd ^^3 bed 

Do you underfland thcfe Examples ? 

Ttr. Yes, except the (^)that (lands alone in Example 
% and (— ^) in Example 3 ; for they have no number or 
-•Q-eSicient before them. 

Phi. It is true they have not; but they are fupppfed 
. (as all iksgle quantities are) to have unity, or !» placed be- 
fore them, as you may fee in Example 1 and Example 5^ 
iwbofe films are Sa^ and — - 3 bcdm 

Tyr. I underfland you now very well. 

Phi. You are, then, further to take notice, that all 
f}uantkies that have not tne negative fign ( — ) placed before 
Ihem are fuppofed to have the affirmative ; or, in other 
words, thus : when any quantity has no flen prefixed to it, 
it is then" an affirmative quantity ; thus, a is the lame as -h 

ctlfk a2kl4l is + 4^. 

■ • . . . ' 

CASB % 

f)fJmpU Integers w quanthtes having cotUraryJtg^m 

When the given quantities are alike, but have unlike 
igns, then fubtrad the one co-efficient from the other, and 
place the negative or affirmative fign to the remainder, ac- 
cording to where the exceis lies ; that is, if the negative 
i}uantity has the greater coefficient, then the remainder 
will be negative, and i^ufl have the f)gn (*-) ; but^ if >^e 
affirmative be the larger, then will the remainder have the 
fign (+)# and will be the fum of the faid quantities. 

kx. U ex. 2. EX. 3.' 

4^ bb ^^7 bb 14 aahb 

—3 U. 3 bi *-43 aabb 



+ bb — 4 <* -^9 aabi 



i.X 
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EX. 4f» EX« 5« 

— aicd, 42 Md 

9 abed —42 bbdd 



+ 8 abed (00)* 

Do you und^rlland thefe examples ? 

Tyr. I underftand all but the 5tli, for I cannot at pre- 
fent conceive that + 42 added to — 42 can be equal to 
nothing ; I fhould think rather, that fubtra^ing them they" 
would be equal to nothing 

•Phi. That is your miftake, for their difference is 84 (as 
you will fee, Cafe 2, in Subtraction) ; becaufe the negative 
fign makes void the affirmative. 

Tyr, I afk pardon, but I do not rightly apprehend it. 

Pui. I think you are a little dull now. Do you not re- 
member that I told you (Seft. 3,^ Dial. 4.) that this (— ) 
fignifies a want, or deficiency, (b many times kfs than, no- 
thing, as the figures after it expreis ? 

Tyr. Yes, I do. 

C^'Phi. Obferve, then: fuppofe that vou flood indebted 
to a perfpn 42;^. and had no effe<5ls or any fort to pay 
the debt, then it is plain you would be 42 times worfe than 
nothing ; that is, have 42 times lefs than a real property of 
your own : now fuppofe a friend (hould give you 42^Ao 
pay off the debt, and you do to, ftill it is plain you would 
nave nothing in hand to begin the world again with ; confer 
quently then + 42 added to — 42 = ♦, or 0. 

Tyr. I am Very thankful, Philbmathes, for fo plain a 
demonftration. 

Cj* So I perceive, then, that a negative quantity added 
to an affirmative one is the fame as two affirmative quanti- 
ties fubtraded from each other. Are they not ? 

Pj»i« Tht very fame. (See Cafe 2, Ex. 5, in Subtrat^ 
tion.) 

* Left the learner ihould mifiaJEe the remaiader in this Example^ and 
take it for fome quantity, I thought proper to put in a parenthefis, to 
ii|;nifj it for a cipher only, and not for any quantity. See Dial. Ob; f • 

D 4 1*vii. 
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Tyr. Tnus far, then, I am pretty perfe^; but how 
mu(i i manage when tlie quantities are many in number, and 
have difFerent (igns ? 

CO* Pnx. Very eafily". Pirfl, CoWt^ all tbe quantities 
that have one and the fame fign into one fum, fo you will 
have two quantities at laft to be added as above. 

T Y R. Pray add 14 axx — 5 axx + 8 axx •*- axx -—41 
axx + 39 ^xx together. 

Phi* ObfeiTe, then, I colled all the quantities having ooe 
and the lame fign together, viz. 14 axx + 8 axx + 39 axx^ 
and thefe arc equal to 6l axx ; then, — 5 axx — ^mx — 
41 axx = — 47 axx; then, — 47 axx added to + 6l 
axXf as before dire^ed, = 14 axx jinfwer^ the fum of all 
the quantities. • Now 1 will try you with a quelHon. 

XZAMPLfi 7« 

^dd4t ana jr 9 ^^^ — 12 aaa — 4 ^jj — 19 aaa + 14 aaa 

+ 6 aaa *— 9 ^^ together. 

Tyr. Nothing eafier. Firft, 4 aaa + 9 oflfl + 14 aaa 
4- 6 fl/7tf = + 33 fl/i5 ; and — 12 aaa •— 4 flflj — 19 aaa 
— 9 tiaa = — 44 ^w<5r ; then — 44 aaa added to + 33 aaa 
= — 11 aaa yinfiven 

Phi. You are right, but ftill you have taken unneceflary 
trouble. 

Tyr. Wlierein? 

C5* Ph I. Why, did not I tell you that the negative fign — 
deftroys the affirmative 4- ? therefore, as you have 4 aaa 4- 
9 aaay and alfb -^ 4 aaa -^ 9 ^^^ in the queftion, you need<«>^ 
ed not to have meddled with them at all ; only add the red 
of the quantities, and you will find them to be + 20 aaa^ 
and — 31 aaoy whofe fum is — 1 1 aaa^ as above. 

Tyr.^ I was a little wanting, indeed, in this ref^eft. 

Phi. To be fure it faves trouble ; for fuppofe I were to 
add ablf\- 6ablf — 9 abb — abb -{• ^ M — 6 abb to + 9 
kW — 3 abb together, I have only — 3 abb to add to + 4 
abb (for the reft deftroy each other by contrary Vigns), and 
their fura is + abby the fum of all. 

Tyr. I (hall take notice of it ; but fuppofe the quantities 
$0 be added are not alike, nor the fjgns neither, how then ? 

Smu You will fee by die foUowing Cafe. 

/ CASE 
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CASE 3. 

Ofjimpk contrary quantities. 

When the quantities to be added are unlike, whether they 
have co-efficients or not, fet them one after another, with- 
out any alteration of the figns, and tliis will be thd' proper 
fum. 

Tyr. This is eafy, indeed ; then, if I were to add 3 he 
-¥ aa-^ g — d together, I imagine their fum is the fame ; 
viz. S be •\' aa +^ — d: is it not ? 

Phi. You are very right. See the following Example : 

EXAMPLE 1. 

— 5 3r 
4- 4 ^4 . 

— ^ eg 

Sum-*- 6 6e ^ 4f ^ ^--^ XX — 4 eg 

-- 57 gh 
+ 4 m 

— . ggg 
+ 17 



_Sum i57 ^^ + 4 m -»- XK? + 17 . 

CASE 4. 
Of compound integers & quantities. 
This depends upon the three preceding cafes ; for if the 
qtiantitied are alike, and have the. fame (ign, then add them 
together by Cafe 1 ; ,butif they ha^e contrary figns, collect 
all fuch together as have one and the fame fign, and fub- 
^iaQc, them . from each other, fetting the fign where the ex» 
^cefs lies (jaccqr^ing to Cafe 2), be it + or — • But if the 
quahtitles arid figns be both contrary, then (by Cafe 3) fet 
them one after another, without alterfng any of the figas^ 
and you hav^ the tot^l. 

Add 4 4?+^ 14 X — 9 



. > 



Sum S K '\' 5 h '¥ 6 K -V 5 
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SB 3UETRACTI01I 

EXAMPLE 3* 

p3*— rfn- 9 
Sum 4^f4.x-|.9^—* ;r^4.9 

EXAMPLE 4. 

4 tffc/ + 6 ^r + 9 iUfJ — 9 

— a^i/ -.- 4 ^/ — 5 oU 
4- 2 ii^^i/ — 3 k + 2aBd 

— ahcJ ^ At 4. aid ^ 7 

'Suni4flAft/+7 tfW — 2 "'"^* 

JX^UPLE 5. 

« + 4^+^+^tf+7«a:+J^ 

x + M + ««4.4y— 12jr 
•— a — jr ^ 4 ^^ 4. 4 M — jrjr — *^ 
— 5 ^g — 3^+ 5 jy — nil 4. 5 — ' gg . 

Som 4 ^ 4. 6 XT 4- 5M 4. J7 — - 6 jf ^ 5 — - Kit 

Ttb. Youhavemadeafeofallcsiresylieey in thefe £xr 
^mples. 

Phi. I do it on purpofe to ferve you ; and do you think 
jou are perfe^ in Addition ? Look at Example 5 once more^ 
if you be not. 
/ Ttr. I think I am, indeed, Sir* 
Phi. If fo, we willpafs directly to Subtra&ioB. 

SECT. II. 

SUBTRACTION OF ALGEBRA. 

Ttr. I am afraid Subtta^lion will puzzle "roe, for I 
remember I was more fet in this rule in Vulgar Fradtions 
than in any of the other. 

Pjii. Be not at all di(couraged, for you will prefently dQ 
it, I, am fenfible, if you take care to mind the rules ; for 
I fhall proceed the ume as b AdcBtion, 

i ■ 

CASE 1. 

OJJimpU tntigers having thefamtjign. 
When you have any quantity given to be fubtraSed from 
another! then change die figu <^the ^u^tity to be Ad>trad<- 
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ed into tbe contrary fign ; that isj if it be 4., make it — > and 

if — , make it -|-, and then add them by the firfl: Cafe of 

Addition, and you have the true difFerence : or rather^ if 

the quantities have one and the fame fign^ then fubtradt the 

numbers or co-efiicients as in common Subtm&ion, obferv* 

ing to place the fign belonging to them to the remainder. 

Ex. !• £x. 2. Ex. 3. / 

From 3 a --21 b % bed 

Take a — 9i Sbcd 



AnJ. 2 a -p- 12 ^ , 5ifcd 

EXAMPLE 4. 

From — 24 ahd 
Take -^ 9 aid 



/Inf. -^ 15 aid 

CASE 2. 

Offtmple integers having contrary J^gns, 
When the quantities to be fubtradled have the negative 
fign, and the other the affirmative, then add them together 
as in common Addition, and you have their true difiPerencey 
to which place the affirmative fign-; but if the quantity 
to be fubtra6led have the affirmative fign, and the top quan- 
tity the negative, you are to add as before^ but then place 
the negative fign to their fum, and it is the true difference, 
Ex. 1. Ex. 2, • Ex. 3. 

From 4bi — 7 ^^ 14 aaii 

Ta ke —3 ii •{ • 3 ib — > 43 aaii 

DifF. + 7ib -^ 10 ^^ 57 aaii 

Ex. 4. Ex. 5. 

From •^— alcd + 42 Udd 

T ake 9 akd ~ 42 Udd 

DifFerence — 10. abed + 84 bidd 

EXAMPLE 5, varied. 
From 42 Udd +42 aaib — 42 Sbdd 
T ake 42 bbdd — 42 aabb + 42 bidd ' 

Dift(Q) ^+S'^aaib —S^.ibddt' 

^ St9 Cafo S. £x. S. in Aadition* 

D 6 CArtft 
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CASE 3. 

Of compound quantttUst 
There is no difference in the work of ttefe alid ample 

3uantities ; only obferv6 to place the fign betweep the 
ifferencc according as is required. 

Ex. 1. Ex. 2. 

From a + h « — ^ 

Take ^1 — 3 + 9 —^+3— 9 



^nf. Ar 21-^9 2^? — 2* + 9 

EXAMPLE 8. 

From 7 (Ui+ h — 7 cc •\- l^ 
7'ake — aa — 4^ + 2 cc — 10 



^■^■— ■ ^i 

Jlfij. y .:i +-5^ — 9 rr + 24 
T^riji^ M%^ty preuti'Bnd withal very eafy. Pray, how 
^t€ liniile 4M»At|ti«^ fiora^ed ? 
Pw. r«Hliffl^udh--aiy. 

CASE 4. 

Of contrary or unlike quantifies* 
^ When you are to fubtra£t unlike quantities, let them be 
cUher fimple or compound, you have no .more to do but 
only to fet the quantities to be fubtradted diredly after the 
quamity you are to fubtradl from, firfl obferving to change 
cr aker their iigss ; thus have you their true differenoe. 

EXAMPLE 1* 

Frdm /? + 3 — 5 c 

Take ^ — </ + 9, by changing figns. 

j1n/l «+^ — 5f— ^+ ^ — 9 

EXAMPLE 2. 

From 42^ +24 </ — jy 

Take 17 >^ — 14 XX — W — 15 

J^n/. 42 ifc .+ 24;^/— .^jr — J7 i ^;;;;i4 xx^^lfi \IS 
Tyr* Q.uite plain, indeed. Pray, what is next ? 
Phi« Now; TvruixJulttSy we are come to Multiplication. 

SECT 



SECT. III. 

MULTIPLICATION^ OF ALGEBRA. 

Tva. I think that Subtraction ia eafier than I thought 
for. 

Phi. Nothing like delight and application, Tyrunculus ; 
thefe make things eafy. 

Tyr. It is very true ; but I am afraid of Muhiplication. 

Phi. Mofl learners dread a frefh rule, though they wiih 
too to be trying at it ; but what {hould be the reafon for fuch 
fear, (ince the fame care will conquer one aa the other ? 

Tyr. Pray, how is Multiplication performed ? 

Phi. There are three things to be obferved in thb rule, 
viz. 

1. When the quantities have the fame fign. 

2. When they have contrary figns. 

3. When they have co-efficients or fadors. 

In all which cafes you axe carefully to obferve that 
when the figns are botli affirmative, or both negative, the 
produdl will be affirmative ; but when one is affirmative, 
and the other negative, the produft will be negative : For 
^ X +, or — X — » produce + ; but + x — > or — x 
^1 produce le(s. 

CASE 1« 
Of quantities having, the fame Jigrim 
If the quantities have no fadtors or co-efficients, then only 
join the letters reprefenting fuch quantities, one by the fide 
of the othery and place the fign + before them ; but if they 
have factors, multiply them as in common Multiplication! 
placing the produd before the quantities. 

Ex. 1. Ex. 2. Ex. 3. 

Mult, a 4 h — a 5 

by 3 e ' mmm k 



•Frodu^ ha. • 4 he 
Ex. 4. 
Mult. — 6 « 
by — S^ 


4. abjr 
Ex.5. 
14 hh 

S h 


Prodttft +12^ 


a%iiS 



Tya.4 



€2 

Tyr. This IS cafy enough, indeed. 

Fui. Nothing eaCer ; therefore we will pais to Cafe 2* ' 

CASE 2* 
To multiply contrary Jigns 
Ex. 1. £z. 2* Ex. 3. 

Mult. h ha — ^^hcd 

by — a —^ 4-63 

Produa ^ab - —hba -^Zih&cd 

, EXAMPLE 4. 

Multiply 8 ^^ 
by — 4^ 

Produft — 32 xxhd 
Tyr* There need no more examples. Piay9 what is 
the next ? 

Phi. case 3. 

Of compound quantiues. 
Multiply every particukr quantity in the multiplicand by 
each member or part of the multiplier, as you do in conunoa 
Multiplication ; then add them together by the rule of Ad* 
ditioUj and the work is done. 

Ex. 1. Ex. 2. 

Mult, abj^c 44 — cd 

by d 4tb 



».■ 



ProduA^^+^r iShh'-^cdb 

EXAMPLB 3. 

Mult. 9*— 84.5* 
by —Sd 

Produa — 27 bdj^ Q4td—I5xd 
More examples of compound quaniitieu 
Ex.4. Ex.5. 

Mult. a + b a — b 

by a\\.h a^^b 

aa j^ab aa ^* ab 

^ ab J^ bb "^ ab j^^ lb 

Vtoi^dm^^abj^bb 4Mmm2ab^bb 
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Mult, a 4- ^ 
by a — ^ 

I I > I I III 
aa .^ ab 



* ProduA aa "^ bb 

EXAMPLE 7« 

Mult, ab 4- rrf-^ 6 
by ^ 4. d 



ah 4. rr^ — 6 r 

4- abd ^ cdd -^ 6 d 



VTo6xx&.abc 4- ced —6^4- «^^ 4. edd — 6 4^ 

EXAMPLE 8*. 
Mult. 2 ^ + ftff — 4 
by —7 X -t- 3 



— 14 Ap — 7 ^^J? + 28 X 
4. 6 ^ 4- 3 r</ — 12 



Produa — 14 3x — 7 cdx ^ 28 * 4. 6^ 4. SrJ — 12 

* EXAMPLE 9. 

Mult, fl + 3 -I- r V 

* by « +• ^ 4. tf 



i?a + <7^ -1- ^r 




4. A^ 4- ^^ 4. il^ 




4. fl^ 4- ^f 4. r^ 





Produft tffl + 2 fl^+2 ^^ + 2 i^ + ^3 4- ^tf 

EXAMPLE 10. 

Mult, a ^ b -^ c 
hy a — b'-i'C 



1 .J 



[ aa j^ ah j^ ac 

"^ ab "^ bi ^'^ be 

T— «r — be '^cc 



Produft aa^*ti — 2 ic-^cc 



Tya. 



J 



TvR. I underftand the Examples very well ;I fee in this 
laft Example, that+ ah — ah^ + flrand — acy deftroy each 
otherwh/n you come to add them together. 

Phi. Very well obferved^ Tyrunculus : this gives me 
reafon to hope you are perfedl in what you have feen done. 

Ty H. I hope fo. But pray, Philomathes, let me alk a 
queftion. I am not yet fully Satisfied why + X — fhould 
produce — , and that — X -^ fhould produce 4. ; have you 
no other way to demonttrate it but barely telling me fo \ 

Phi. To be fure, it is eafily proved as follows. Suppofe 
I take 4 quantities, and make them equal to any 4 numbers, 
viz. fuppofc I r=z\%c = 4, = </ = 8, and/= 6. Thea 
place them in fome fuch like order as-follows : 

Subtraa { f = ^4 ^«^/ = 6 } Subtract 



Then h ---£= 8» and d — /= 2. _ 
Kow^ — f X TZTf.zzi 8 + 2 = 16, the p rodua of their 
eorrcfpondent numbers 8 and 2. Therefore b-^c x S — f 
will be = i/^ — ^ — fi '^fh viz. = 16, if the work be 
right, ^ 

PROOF. 

Firfl,^X^=12 X 8= S61aj, 
And cXf— 4X6= 24 ]^^^ 
Therefore ^i/+ cf =120 

\Againy 

^^*=l^,^=lo1- Add 

f_ JL_I_ u J J ■ I ^ -r 

That is, dc ^fbz=: 104, which taken from 120, leaves 
16 ; that is, bd + cf^ dc ^ fh = 120 — 140 = 16, as 
above. ConfequcnSy therefore + X — pr^^^es — , and 
+ X +> or --: X —produces +, €1. E. D. 

Ttr. I cannot fiiy I undcrfland it bylooking it over (b 
quick, but I will confider of it another time. In the meaD 
time, pray teU me what is the meaning of Cli E. D, ? 

PliX. 



« . 
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Tat. .They are often ufe3 in the mathematics, and fet 
at the end of a-denionilration or proof of any problem ; and 
fignify that the thing given is not only done, but demon- 
ftratcd and proved, and is thus read, Q.. E. D., whicij was 
to be proved* 

TyR. I heartily thank vou. Pray, have you any thing 
more to fhew me in this rule ? 

Pui. Nothing more, only leave a fum for you to work 
iat your l^ifure, which I would have you try at* 

EZAMTLB 11« 

by 2 *x — 3 A^ — . d 



■•> 



Produa 6 ir* — xxU —7 dxx-^ia 6*+ 2b6d+2dd. 

SECT. IV. . 

DIVISION OF ALGEBRA* 

TtR» I fear you will find me but a dull fcholar at Divi- 
fioof^ for as conomon Divifion is harder than the other 
three rules, I think, of courfe, Divifion of Algebra mud. 

Phi* I confefs it is fomething more difficult ; but what 
of aS this ? ** Labour overcomes ail things.'* . However, 
It is eafier perhaps than you imagine. 

Tyr. How is Divifion performed ? 

CC3* Phi. In Divifion are three cafes ; in all which you 
are to obferve, as in Multiplication, that, if the Cgns be alike 
in the divifbr and dividend, the quotient will be affirmative ; 
but if unlike, the quotient mud have the negative fign. 

CASE 1. ^.^.^fUc 

Of quantities having the fame Jign. j 

If the quantities have co->efficients belonging to them« 
then divide the one by the other, as in common Divifion, 
and place the quantities in the quotient. But if the quan- 
tities have no co-efiicients, then fet the dividend at the top, 
and the divifbr under it, fra6lion-wife ; and if you find the 
(ame letters or quantities in both, cancel or cad away fiich let« 

tersy 



66 m?i8ioif 

terSy and the remainder will be the true quotient or anlwer 

f equired. Thus, fuppofe I were to divide deb by db^ I iet 

itci 
it thuSy -^ ; and becaufe I findd^ both in the dividend and 

the divifor, I expunge or cancel them, and then only ^ 
remainSi which is the quotient or anfwer. 

i 

KX, 1. ti. 2. 

^uu- Divide hbde Anf. hd. abc j„f, bc^ 

Ji by be da d 

EXAMPLE 3. 

Divide ff^ Anf. '^J 
by xbgd T 

sx« 4. EX. 5. ' EX. 6m 

'Divide 15 xb ^^ 64t bd •—4 abc 

by 5 b -—Si •»4 a^f 

-rf/i/S*, +8^ +1 * 

CASE 2. 

Of corUfMry figfu and quantities* ^ 

Divide the quantities and co-efficients as before, and to 
the quotient annex the fign — , and the work is done. 
EX. 1. £x« 2. EX. 3. 

Divide ab — 15 ^^ 64 bde 

by— a + 5 b — S bd 

Anf. — 3 — z X — ^ c 



Proof ab — 15 x^ 6^ bed 

EXAMPLE 4« 

Divide 4 abc 
by — 4 abe 

Anf — 1 abc 

Proof 4 abc 



-I 



NoUm 
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Noii^ When the (igii and quantities ave quite unlike, and 
th^ co-efficients cannot be divided, then fet them over oa< 
another fradton-wife, and you have the aofwen 

Ex. 5. Ex. 6. Ex. 7. Ex. 8» 
Divide ah 14 ahg xxhd 15 jm 

\xy g 5 XX ac 12 ag 

ab 14 ahg xxbd 15 xn 



: g \ 5 XX ' oi 12 ng 

Ttr. I underfland it very well ; but how do you divide 

compound quantities ? 

Phi. The fame as in Multiplication, by going through 

every member of the dividend and dtvifor according to the 

order of the common Divilion. 

CA«E 3. 
Ofcmr^eund quatUitietm C^^'%^^^^ 

RULE 1. ' 

Proceed in all rejpe&j as brfore^ due regard being bad to tbi 
\ Jigm, and you have your dtjire* 
. £x^ 1. Ex. 2. 

Divide ada -|- obed 12 dc — 15 dx -^ ^ ca -^ 5 i$a 
da S d J^a 

Anf^ a-^ b^ 4 ^ — 5x 

TyU. Let me i& you one qiieftion. 

EXAMPLE 3. 

Divide 4 abc — 24 aabb — 32 tad 
by — 4 «^ 



Phi. An/. ^ lc^.6ab + 8d 

Tyr. Very well 5 but pray is not Divifion wrought fome- 
times at large, or do no queftions require it ? 

Phi. It is frequently fo wrought, and I could have, done 
the laft Example fo, it I would. 

Tyr. Pray do ; it may perhaps give me a better idea of 
Divifion than I have at preient. 

Phi. Obfcrve, then ; 

2. When 
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X\ When you have many quantities, then proceed as in 
X>iirUion of the whole nuR>bers, by feeing how many tiroes 
the diviibr is contained in the quantities of the dividend^ 
)k!ai*ing it in the quotient ; then multiply the divifor by the 
qiH^tient> and place it under the dividend, and fubtrad^ it 
tncKfrom» and to the remainder bring down ihe next quan- 
tify or quantities in the dividend, and thus proceed till the 
whole operation is performed. 

sx AMPLE 3* The long way* . 

^3^ta4 



Tyh, I like this very well, and it appears much plainer 
to me than the other, rray, give me one more Example. 

Phi. Suppofe it were required to' divide.^ 4- '^ 4- e9t 
+ cd — xt — dfe by w + i/,it will (land as follows : 

£XAMPLB'4. 

*c 4. d) Ix J{. Id ^ ex j^ cd "^ xt '^ dc {b •{' c ^ e Anf^ 
bx j^hd 






j^cx j^ cd 








j^cx 4. cd 




« 







■ ■ 




• 


"^ xe '^-'de 






t • 
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. , EXAMPLE 6, 
S'jff'^6) Sxxxx — 96 (2xxjt + 4>xx + 8* + 16 Jnf. 
Bxxxx — 19 XXX* 






4- I2xxx — 96 
-j- I2xxx — 24txx 




+ 24r;tf — 96 
+ 9ixx — iSje 

^8x — 96 
48* — 96 



Ttr. I like this quite well, indeed ; but I could not 
have thought that fo fhort a dividend would have produced 
ib many quantities in the quotient. 

Phi. That is eafy to perceive, becaufe * — 12^^:^ is not 
found in the dividend. I change the (ign (which is fub- 
trading it)» and bring it down for a new dividend or remain- 
der, and it will be -|-I2xx^. I do the fame alio with 
•— 24rfc» and — 48;^. See the 

PROOF. 

3x— 6 



6xxxxJ^12xxX'\»24!XX^-iSx 

— 12A;xi)ff — 24x;c— 48;ff— 96 



6kxxx — 96 

Tf YR« It is right, fure enough. 

PHti I (hall give you, theoi but one Example more. 



BZAMPLB 
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EXAMPLE 6. 
5i-9)2aji+5*jfi— 603+SOic— 6W+40^— 36^—9**+ 108—^4 



*- 60i + 305# 
— 603 4- 108 



+303c — 5<» 

+303r — 64c 

/ . . 

— Bd& + 403 
— . bdb + 9b 

+ 403 — 72 
+ 403 — 72, 



Ttr. I do not underdand thSs^ that — '*36a AouldflaQd 
under Bxxi ; pray, how do you fubtra6t them? 

Phi. I do not fubtra£t it from 5xxby though it ftands i^« 
der, but from — 1[.36a further on in the dividend, and fo on 
for the reft. 

Tyr. Then it matters not whether the quantities dand 
under each other, I imagine ; does it ? 

Phi. Not at all, as long as you can but find the fame 
quantity any where in the dividend ; and you would do 
well in luch long fums to make a particular mark againft fuch 
quantities as you have taken down or done .withj» as you 
do in common Divifion. 

Tyr, I will remember it : but fuppofe there •fhould foe 
any remainder (for I imagine the qiuptities willnot always 
fall out even), how then do you manage it ? ^ 

Phi. The fame as in common Divifion, by placing it 
over the divifor fraction-wife. Thus, fuppofe I were to 
divide xx — M ^ xchy x j{- b ; I find then the quotient to 
be ^ — ^, and there remains xc ; which I place over the 

diviiery and the anfwer (lands thus, x •— ^ — ^» 



«+ 
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OF ALGEBRA. Tt 

See the Woik. 

9iJ^b) dCxJ^xc — bh (x^-^b-r ^ .* 
MX ^ xb "*" 

"^xb — bb J{. x£ 

— xb'-'bb 

^ * xc 

m 

Ttr. Have you any thing more to offer in Divifion? 

P H I. I think there is no occaGon for any more Examples* 

Tyr. Pray, what comes next? 

Phi. According to the order of arithmetic, the Rule of 
Proportion fhouid follow ; but I (hall fpeak of this under 
Dialogue 7 9 andfliew you firft the nature of Algebraic Frac- 
tions ; though one would think there is no great occafion, 
fioce I have been fo particular in Vulgar Fradlions, in which, 
if ]K>a are perfedl, you cannot mifs to underfland the Alge- 
braic, which are done one and the fame way, only with 
letters mdead of numbers ; and this can be no great difficul- 
ty, fince numbeii are only reprefented by fuch lettersi ^ 
may l>e feen in the following Dialogue. 



y. • DIALOGUE VI. . 

SECT, I. 

Bf ALGEBRAIC FEACTIONS, AND FIRST OF REDVCTION. 

CASE !•• 

J7i reduce a mtxt quantity to an improper algebraic fradion. 

MULTIPLY. the whole quantity, by the denomina-' 
tor of the algebraic fra^ion, and to the pfo^u^ add the nu« 
meratorr 

* Compare this witkCale 1, in Vulgar Fractions. 

EXAMPLE 
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EXAMPLE 1. 

Rtduci a ^ to an improper fradthni 

h 
a . 



EXAMPLE 1. 

Reduce a-^- b •- to an Improper fradion* ^ 

d 

Anf. a + i - + // = — ;!— ^— 

Tyr. I have feen feveral books of Algebraic Fradltons^ 
but I do not remember any fuch examples as thefe : are 
they neceffary ? 

Phi. Certainly they are, and that you will fee, i£ you 
do but try the fame by any figures you pleafe to make equal 
to the quantities ; and, this will be fome help to you> and 
give you a notion of an equation. 

In Example 1, let « = 5, ^ =3, ^ = 6, then ' 

^ Urn = 5 — 



xa-¥i!f 33 ^ - .30 + 3 33 
■ z=z -r- JfnL or ratiier —— =:X-. 

a? 6. ^ 6 6 

33 
For 4? x«==6x 5 = 30; +^ = 3, =-^ CI, ELD, 

&.C. &c. 

Tyr. I think it is neceffary, indeed, as you (ay. 
Phi. And the beauty of it is, the very next Cafe proves 
it ; for I (hall take the fame two Examples. 

CASI 
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CASE 2.* 

To reduce an improper /ration to a mhct quantity. 
This is only the reverfe of the former, for you have n« 
more to do but to divide* the numerator by the denominator, 
and it is done. 

EXAMPLE 4« 

Reauce — to jts equivalent mixt numbers. 

x) xa-^- h (al^ Anf. 
xa X 

0+T 

EXAMPLE 2« 

Reduce n ' to its equivalent mixt numbers^ 



d) da + JZ+ c (a + hSAnf. 
da ^* 



+ d5 
db 



-V c 



CASE S.f 

To reduce a whole quantity to an algebraic fra^on* 
Multiply the given quantity by any other quantity, and 
place the product for a numerator, and the quantity you 
multiplied by for a denominator, and it is done. 

EXAMPLE 1. 

Reduce h to an algebraic fraSion having dc for its 

denominator* 

I y. dc ^Idc -rfn/— = i5 by the next Cafe. 

dc 

• Compare this with Cafe 2, in Vulgar Fractions. 
-r Compuc this with Cafe 3, in Vulgar Fractions. 

£ fiXAMPLS 
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XZAMPLE 2. 

Redti$e m to Mm afgebraic fraSioUf having x '{' f for ks 

denomhator* 

Firil, ax X -{■ f- ax-^- af An/. ^ — -i* Do you 
underftand it ? x + f 

T Y B« I cannot mils it ; you need not give any more £x« 
amples. 

rHi. I (hall not ; but you ihall fee how that this Cafe is 
only the reverie of the next. We (hall take the fame two 
Examples. 

CASK 4.* 

7# ahbrtmate an algelraic fraSion. 

Divide the numerator by the denominator^ that is> ex- 
punge or cad away fiich quantities as are found in both, and 
you liave your defire. 

EXAMPLE 1. 

Reduce ■ , to its lo^vefi terms, 
dc 

-r* -f- (divided by) dc^ h. See Example 1, in laft Cafe. 

EXAMPLE 2. 

T> f ^x "I" af t ' ii 

Reduce -^ ^ to sts lowejt terms. 

4P + / 

MX "4* af 

■ -7- a? +/= <7. See Example 2, laft Cafe. 

X + J 

^ .J. 9,0 aoB , ^ hhd 1 a 1 B 

SoallOT: ; H 7T = + 

60 ia 40 i«^ 3 5gd^ 

83p As fradlions are abbreviated by Divifion, it is often 
cuftomary to put unity under fuch abbreviations, when the 
denominator is caft away ; that is, if the anfwer be a whole 

* Compare thii with CaSe ^ in yul£;ar Fractions. 

quantity^ 
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foantity, put the figure 1 under iu Thus, a =— ^and # 
•+•4? +4, cxpreffedlike a(ra£lion, is — ■■■ 

CASE 5.* 
fo reduce quantities of unequal denominafors to algehrndt 
f rations leaving a common denomincUor^ 
Multiply all the denominators continually for a common 
denominator, and e?ery numerator into all the denomina- 
tors, except its own, which fhall be new numerators. 

Tyr. I think I can do this diredUy. 
. Phi* No doubt of it, for it is the &me as Cafe 7) in 
Reduction of Vulgar Fra^ons. 

EXAMPLE 1. 

Q c e 

Reduce'^ -^ and -^ to froQions having a common deno'* 

J minatorm 

Ttr» Firft, then, 5 x </ X /= ^^for a common de^ 
nominator. Then, a X dx f "^^ etdf N. N. Again, 
exhxf ^chf N. N. And,laftly^ eX dx^^edb 
N. N. So are oaf chf^ edb^ new numerators to be placed 
over the common denominator bdj, and will fland as foI« 
lows:—' 

W"d ^''y Cafe 4. 

^'If 7 ^ 

Phi. Yon are very right, TyrancuIuSi and I am glad 
to fee you fo tra£lable. You fee, dierefore, that the order 
of Algebraic Fractions is the fame as Vulgar. 

Tyr. Yes, I perceive it, and I find ybur words true 
n0W| that to underiland Vulgar Fra^ions well, faves a great 

* Compaie this with Cafe 7, In Vulgu F|«GtiOBS# 

E 2 . deal 
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deal of trouble that miifl unavoidably happen to thofe that 
are ignorant of theni. Pray, what comes next ? 

Phi. I have here (hewn you three Cafes more than are 
in general taken notice of, that you might fee the relation • 
that Algebraic Fraftions bear to Vulgar. 1 fhaU, there- 
fore, fhew you now how to add them together. 

SECT. ir. 

ADDITION OF ALGEBRAIC FRACTIONS. 

Tyr. As Redudtion of Algebraic Fradlions is like Vul- 
gar, I imagine that Addition is done much after the fame 
manner alfo : is it not ? 

Phi. The very fame ; you cannot mifs. Come, add 

Be d 

— — and — together. 

XXX 

Tyr. Becaufe the quantities have a common denomina- 
tor, I only add the numerators, viz. h •\' c + Jy under 
which I place the common denommator x, and their fum 

B + c+_d 

'^ X 

Phi. Very right. 

EXAMPLE 2. 

. ,,3 c f 

Add'- - and tos^ether, 
X a a ^ 

Tyr. Firft, x y. d y. a ^ xda for a C. D. and h X 

d y a^hda N. N. Again, c y x y a ^ cxa^. N. 

And, laftly, / X ^ X a? = /& N. N. which I add as 

under : 

N. Numerators hda'\ v; 

cxa > aa$^ 

fdx\ 

Anf, hda -f cxa + fdx 

xda 

Or if yon fet down all the new numerators over their 
common denominators, and abbreviate them by Cafe the 
4th, you will fee they are the fame^ and will be equivalent 

%9 
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, - ^. . r«, ^^^ i^ cxa C .fdx 

to the fracboa given. Thus — 7- = •^-^- = --r-,and''-7- 

r r xda X xda a xaa 

a 

Now I will a(k you one, if you pleafe, with mixt num- 
bers. 

Phi. With all my heart. 

EXAMPLE 3. 

Ttr. Add 4 Jp — and cd -^ together. 

8 f 

i pH I. The quantities not being alike, I add them only by 

the fign +, and add the fradiion to them alfo by the lame 

fign as they ftand. Thus, their fum is 4 a? — + cd ^ 

, ^ / 
of "¥ av 4 ajp* + i5 
Or otherwife thus, ^x A.cd x. ■ - • Or, — + 

if S 

€df4r a 

f 
Tyr. If it were not too much trouble, Philomathes, I 

fhould be glad if you would demonflrate this a little plainer 

to me. ' 

Phi. That I'll do three ways. 

1. As the quantities are unlike, I only place them one 
after the other (according to Cafe 3, Dialogue 5), and their 

fum is ^1 4 a? — 4. cd "z Or, 
S J , 

2. By reducing the mixt numbers to improper fra(5lions, 

Their fum is ^ + -^ — 

b a 

3. Reduce thefra^ions — x -rrtoacommondenomina- 

i f 
Bf+ag 
tor, you will have -^ — , to which add the whole quan- 

Bf 4" d7 
tities, and you will have As x^ cd j^ " ' ■ 

But, however, I will even do more than you defired ; 

you (hall fee the numerical proof. Let x == 4, then will 

' E 3 4 Of 
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4 jf = 16, and let the fra6Uon — be = — » Make r =* 4, 

g 2 

and //= 3, then will ri = 4 X 3 = 12, and let the fn^c- 

« 2 

tk)n —be =— . Now at your lelfure add 16 |, to 12 f-, 
J 3 ■ 

and you will have 4^^ = 29 |. = the improper (radlion 

m + — =-; } which 18 m numbers + 

^ i f 2 

go+ g ^ i^«2Qf as before. CLE, D. Does this 

3 
appear plab to you ? ^ ** 

Tye. You lay me under the greateft obligations, Philo- 
mathes ; it appes^rs quite eafy to me, indeed. 

Phi. I am glad of it ; then you are qualified {br S^b«' 
tradlion, and were is no occafion to dwell any longqr Qpqm 
Addition* 

SECT. IIT. 

8I7BTRACTI0N OF ALGEBRAIC FRACTIONS* 

Ttr. How do you perform Subtra6Hon ? 

Phi. By one general rule, vjz.. If the.fradions h^vei^ 
common denominator^ fubtra^l. the numerators by placing 
the (ign (^) before that which, b to be fubtra^d^ ai^d 
place the difference over the common denominator ; and if 
they have different denominators, reduce them (by Cafe 5^ 
Se^. 1, of this Dialogue) to a comtPPP denominator, and« 
then fubtradt the numerators as in Sub'tradion of Algebraic 
Integers, ^ 

^ SXAMPLE 1. 

From-l-takei. 

EX. 



^i 
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XX. 2. 

From 



Take 
Differ. 



36 




£_ 


+^ 


^ r 


-23 



EX. 3. 

12 X + r + ^ 


2j: 




/iJ 


+/ 


10, X 


+ 2* 



Ty R. I muft confelfl I do not apprehend thefe two lait 
Exaroplea. 

Phi. You do well to iky fo, for they are not to be undcr- 
flood by every learner at firft fight. Obferve, then, the 
numerators or Example 2 are j? + ^, and 3 ^ — x. Now, 
(as before diredled) I change the fign of the fraction to be 
fubtradtedy and then it will be — 3 i^ + x. which added 
(for this you muft rememberto do when the nans are chang- 
ed) to X + ^, makes 2 x — 2 A for the difference. And 
thus you muft proceed withTxample 3, always remembering 
that the negative and affirmative fign before die fame quan- 
tity deilroy each other, and you will find that lO x_+ 2 c 
remains* The fame is to be obferved if the fractions have 
not a common denominator after they are once reduced to 
it. And thus much for Subtradion, provided you under* 
iland it. 

Tyr. I thank you for this frefh inftrudion ; I am now 
pretty well grounded in this rule, I beUeve. 

SECT. IV. 

MULTIPLICATION OF ALGEBRAIC FRACTIONS. 

Phi. Well, Tyrunculus, what think you of Multipli- 
cation ? 

Tyr. I think I can work it without fhewing, if am not 
miflaken. 

Phi. That is right, Tyrunculus ; I love to fee you bold 
and courageous in every new undertaking. Come, then» 

E 4 ^x%^ 
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Tyr* If I remember, I am only to multiply the nume- 
rators together for a new numerator, and the denominator 
for a new denominator. Thus, a y, C'=.ac^ and b y, d 

•^ hd 

4/5 + c 
Phi. You are very right. Now multiply — by 

3// 
9*C 



Ty r. Fir fl, 4i&-f^X3i/=12i^^+3 r^/for g N, 
N. and^ + « X 9 ^ = 9 a'^ + 9 ^^ for • N, D. So will 

the anlwer be 

Phi. Very well done, Tyrunculus, indeed. 
Tvfi. NoW| Sir, give me leave to aik you one* 

EXAMPLE 3. 
multiply ------___ by^h^^x 

X 

Phi. Why, Tyrunculus, the multiplier being a whole 

cumber « I make a fraction of it, and it will be 

, -. / I2ax+b — ^5x, 2i5 + 6af 

Mult, ■ by — - 

X 1 

Then multiplying the numerators and denominators toge- 
ther, I have 

. ^ 94 nhv 4-5-55 — 50 Bx + 72 axx -¥ 6 hx -^ 150 xx 
An/, 

X • • 

Or rather, it is 24 ah — 44 i5a? + 72 /ij? — 150 x + 

2^i5 . 
abbreviate. Do you underftand it ? 

X 

Tyr. Yes, very well, except the abbreviated anfwer. 

Phi. Pray look at Cafe the 4th, in Redudion. You 
fee as I have x for the denominator, I caft away or cancel 
X alfo in every part of the numerator ; and as there is — 50 
hx + 6 bxy this will be — 44 i5a: : then cancelling x, it is 



s 
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-T- 44 i, and x at laft b fet under the quantity 2 a55 frac- 
tion-wile, becaufe x is not found in it. 

Tyr. I heartily thank you, Philomathes, for this in- 
formation* 

Phi. EXAMPLE 4. ' example 5. 

Mult. 5 4- Mult. 4 3ar -?- 

a » 

by^ .r 

IbT+Ta _ by 5i 

. - 20 5bxd + 5cb 
"'^' 9 dx 

Reduce the mixt numbers to improper fradlions, and pro- 
ceed as before, you will have the anfwer as above ; which 
I beg you will try at your Icifure. 

Tyr. I thank you, Philomathes ;. I will try it diredly. 
Pray, have you any thing further to fay of this rule ? 

Phi, Nothing but this, that when it is required to mul- 
tiply any fra6Hon by its denominator, then caft away the 
denominator, and the numerator alone is the anfwer. Thus, 

d . , r ^ X dx dx 

i— X ^ gives d; for — x -r- = , — , or — = ^. 

X X 1 IX ^ X 

So alfo, ^——j— X 41- + ^, gives 9 ^ + 7 dx Jnf. 

c= to the numerator. This is evident ; for fuppofe -I- to bQ 
multiplied by 7, it is f X f == V = 3 the numerator of 
the original fradlion f , which in faft is only multiplymg 
its numerator by unity, or X« And now, Tyrunculus, we 
will proceed to Divifion. 

SECT. V. 

DIVISION OF ALGEBRAIC FRACTIOWS. 

Tyr. 1 dare fay I not fliall be able to work Divifion 
without (hewing. 

Pnir Pho ! you are now going to be dead-hearted again, 
and without caufe : and I had much rather find you as bold 
as you were io Multiplication. CtnUder, Tyrunculus, that 

E 5 every 
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• 

every learDer may be compared to a young mexj^rieoced 
foldier \ and though we will not call arithmetic his enemy^ 
yet he has got many fkirmifhes to go through, and muft not 
only fight, and that valiantly too, to overcome them ; for a 
field is feldom won by cowardice : befides, Tyrunculus, I 
have hitherto furnifhed you with weapons proper for fuch en- 
gagements as you have met with, and I fhall take care to 
provide you with others for every frefh attack ; and do you 
but learn to handle them well, and you need not fear but 
you will always overcome* 

Tyh. You lay me under the greateft obligations to love 
and thank you^ for being fo careful of me. Pray, then, how 
18^ Divifion performed ? 

• Phi. The fame as in Vulgar Fradtions: Multiply the 
numerator of the dividend into the denominator of the di« 
vifor for a new qumerator, and the denominator of the di- 
vidend into the numerator of the divifor for a new deno- 
minator* 

EX. 1. £X« 2* EX. 3* ' 

-^. ., ^ , rf 14 3 , 2 4*0? , B 
Divide — by— ^ — -• by - by -— 

. 5c "iA^Ba 1 ha l6 xxc 

Anf, — r ^ ■ ■ ■ = — " - j '■■■ 
gd^ ^g g H 

• (tir TvR. I underftand it veiy well : but fuppofe the 

to have one and the fame denominator ? 

PHi.^TKe^^aft away both the denominators, and divide 

the numerators only. 

EXAMPLE 4. 

Divide , , ■ by - — t--t-. Then it will 

be thus, Divide 3fl + & + ctf -h r* . {a + x Anf. 

by i + c^ha-^ ca 

^ bx -Vok 

hx + c» 



♦ 

Do you undtffiand thefe Examples i Tv it • 
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Tti* Yes, I do, quite well. 

Phi. Where, then, is the difficulty you fo much appre- 
hended ? 

Tyr. I muft confefs that I was a little fearfal juft now. 

Phi* I know it ; 1 could fee it in your countenance. 

Tyr. You have been fo kind, that I muft confefs I 
cannot value you too much ; nor can I repay you but with 
thanks. 

Phi. I do it to ferve you, as I obfenred, and if you re- 
ceive benefit by my inftru6bions, return the thanlra elfe- 
where. I only deure you to be cheerful and courageous, 
not timorous, for that will hinder you in your purfuit. 

'Tyr. 1 will endeavour to follow your advice in every re- 
fpefl ; but it is a dull fiudy for learners, for the firft few 
rules. 

Phi. I own it is"; but now you are paft the worft ; you 
have, in a great meafure, drawn afide the ma(k; and as foon 
as you are acquainted with the Rule of Proportion, and'un- 
deri^and a little of Equations (which you will fbon do), it 
will then fall quite oft and you will with pleafure be raviihed 
with the beauty of its face, and the fymmetry of its parts. 

Tyr. How long will h be before I come to the Kule of 
Proportion ? 
Phi. I fhall fhew you the nature of it dire^y. 



DIALOGUE VII. 
SECT. X. 

OF PROPORTION III 0£NSRAL« 

Tyr. What do you mean by Proportion ? 

Phi. Proportion is the relation, refpe^ or quality, that 
numbers or quantities bear to each othpr, by a certain ratio^ 
reaibn, analogy, or comparifon. 

Tyr. Is not ratio and proportiooy then^ aU one and the 
fame i / 

E^ Phi. 
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Phi.^ They are often ufed and fpoken of as one %pd the 
fame thing, but there is a difference ; for, fhidlly fpeaking^ 
ratio is no proportion itfelf, but (hews the difference of 
numbers, by comparing one with the other ; fo that by it 
are feeta the reafon or analogy that the antecedent bears to 
the confequent, by fuch and iiich comparifon, and in couife 
theproportion that the numbers bear to each other. 

Tyr. What do you mean by antecedent and confe- 
qucnt ? 

Phi. In any two numbers or quantities, the firfl term is 
called the antecedent, the fecond the confequent. Thus> 
4f 8, 3cc., 4 is the antecedent, and 8 the confequent ; the 
ratio is 4, becaufe 8 is 4 4- 4 ; and the comparifon is 2, 
becaufe 4 and 8 compared, one is twice the other. So 
alfo in any feries of numbers, at 2, 6, 10, 14, 18, &c., 2 and 
18 are the antecedent and confequent, and all the others 
between them are both antecedents and confequents. 

Tyr. I underfland you very well j but, pray, how many 
forts of Proportion are there ? 

Phi. There is, 1. Disjundl Proportion, or the Rule of 
Three Diredt. 2. Arithmetical Proportion, or Progref- 
lion. 3. Geometrical Proportion, or Progrefiion. 4. 
Duplicate Proportion. 5. Triplicate Proportion. 6. Har- 
monical Proportion. And, 7« Contra-harmonical Propor- 
tion, &c. But it will be fufficient for our prefent purpofe to 
fpeakof the firft three only, iince the knowledge of the others 
depend upon thefe. 

SECT. II. 

OF DIRECT PROPORTION, OR THE RULE OF THREE. 

Tyr. What have I more to do with Proportion, (ince I 
can work the Rule of Three very well ? 

Phi. That may be, and yet you may not rightly under- 
fland the nature of it. A great many perfons deceive them- 
felves in this ; for though they can work a queftion accord- 
ing to the order of the rule itfelf, yet they are quite ignorant 
of the relation or proportion which one number bears to 

another ; 
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another^ notwithftanding it is evidently known that one 
■iialf of the Mathematics depend upon it. 

Tyr. I thought if I could but barely work the rule 
it was enough, till you (hewed me to the contrary in 
Abbreviations ; but fince I fee it is of fuch excellent ufe, I 
beg you would explain the nature of it a little plainer to me. 

Phi. 1 intend it; but before 1 give a deraonflration, it 
will be neceflary that you fhould be well acquainted with 
the following obfervations, and then the demonftration will 
appear quite plain to you : fo that my advice is, you would 
read them over again and again. 

OBSERVATION 1, 

Any three numbers or quantities being propounded, after 
after you have found a fourth number in propordon, accord- 
ing to the order of the Rule of Three Direft, then the proof 
of fuch work is eafily difcovered ; for if it be done right, the 
proportion vnll always hold thus : 

As the lit : 2d : : 3d : 4th. 
Or, as the ift : 3d : : 2d : 4th. That is, the ift 
.bears the fame proportion to the 3d as the 2d does t^ 
the 4Ch. 

OBSERVATION 2. 

The produ6l of the ift and 4th is equal to the produ^ of 
the 2d and 3d ; that is, the produdl of the. extremes is 
equal to the produdl of the means : for the 3d divided by 
the ift, is equal to the 4th divided by the 2d, &c» 

OBSERVATION 3. 

The ift is equal to the produdl of the 2d and 3d 
divided by the 4th. 

OBSERVATION 4. 

The 2d is equal to the produ(fl of the ift and 4th divid- 
ed by tlie 3d. 

OBSERVATION 5. 

The 3d is equal to the produft of the ift and 4th divid- 
ed by the 2d. 

OBSER- 
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OBSERVATION 6. * 

The 4th is equal to the produd of the 2d and 3d divide 
edbv the ift. 

Tyr. I could not have thought there had heen fuch har- 
mony in the Rule of Proportion. But, pray, explain thefe 
obfervations to me by fome demonflration. 

Phi. I will both by quantities and numbers, which, if 
ym mindy you cannot but underiland it. 

DEMONSTRATION. 

Let the-4 quantities Xy by r, and dy reprefent any 4 
numbers in.Diredl Proportion, viz. 

Let a? = 2, ^ = 4, c = 12, and //= 24. 
Literally. 



Od 

Fo 



3 

And 4 



.Again 

And 
Laftly 



As X lb I I c itT 
As XI c I I b id 
xd :=zcb 
h d 



X 
X 

V 

X 

c 
c 

X 



c 
c 

1 
b 

"d 
d 



o 






Numerically. 
As2 : 4: : 12 :24l i 
As 2 : 12 : : 4 : 24 J 1 
2 X 24 = 4 X 12^ 

4-r- 2 = 24— 12 

2_ 12 

4"^ 24 

-? — -f 
12^24 

12 24 

2^^ 4 



o 



Trom the four laft fteps, each term is found as follows : 
Term 

48 



1 



3 



d 

c 
xd 

, he 



2 = 



4 = 



24 
48 

12 

4 
48 



24 = 



21 



Obfervation 3. 

Obfervation 4. 
Obfervation 5. 

Obfervation 6. 



I fhoul^ 
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I (hoold thioki Tyruncalus, the numerical work is ib 
plains that you cannot help underflanding the literal, fince 
the (ieps of one anfwer to the other. 

Ttr. Nothing can be plainer, indeed. But, pray, what 
do you mean by (leps ? and what is their ufc ? 

rHi./Thofe are the ileps thatfland in the margin of the 
work, numbered 1, 2, 3, &c. Their ufe is to (hew the gra« 
dual proceedings of the operation, that you go on gradatim, 
or by degrees ; that is, Itep by ilep. 

Ttr. Have you any thing further to fay orDircdl: 
Prcportion? 

Fhi. I have nothing more to add but this, that when 
qoantities or numbers are ik a diredt proportion, they are 
aUb Proportionals by Alteration, Inveruon, Divifion, Coo* 
verfion, Compofition, &c. See £uc« 5, Def. 12) 13, &c» 

SECT. IV. 

OF ARITHMETICAL PROPORTION* 

Ttr. What is Arithmetical Proportion ? 

Phi. Numbers or quantities are faid to be in arithmetical 
proportion, or progremon, when they differ from one ano- 
ther by a certain ratio, or the like reafon : thus, 2, 6, 10» 
14, 18, 22, &c. are numbers in arithmetical progrefHon, 
becaufe they differ from one another by the like fea&n, viz. 
by 4, which difference is called the ratio. So 1, 19, 37, 55t 
&c. differ from ^ch other by the ratio 18, as you may per- 
ceive ; for 1 + 18 = 19, 19 + 18 = 37, 37 + 18 = 55, 
&C. From hence will follow thb obfervation. 

OBSBRVATION 1. 

Any 3 numbers or quantities in arithmetical proportion^ 
-the double of mean (or middle number) is equal to the fom 
of the extremes. 

Numerical demon/lration* 
Let the 3 numbers be 5, 13, and 21, whofe ratio or com- 
mon difference is 8 ; the double of the mean 13 is equal to 
ihe fum of tht extremes, tIz. 5 and^l* 

Literal 
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"V 



Literal demonft ration. 
Let X be put for the firfl term 5, and let e reprefent the 
ratio, which is 8. Then will ar + ^ = 13 the mean, and 
X + 2^ =; 2], the third term. 

PROOF. 

Mean« Extremes. 

M. 'doubled 2a^ + 2<?=26'=:2^ + 2^= 26fumof Ex. 

Tyr. This is mighty plainly demonilratedy indeed ! 
But, pray, mud I always put this letter (e) to reprefent the 
ratio? 

Phi. This is at your option ; you may ufe any letters, 
provided you put one for the terms, and another for the 
ratio, or difference of the terms. 

OBSERVATION 2. 

Any 4 numbers or quantities in arithmetical proportion* 
either continued, or difcontinued and interrupted, the fiim of 
the means is equal to the fum of the extremes. 

Numerical demonjiratton . 
Let the 4 numbers in arithmetical progreflion be 4, J5, 
28, and 40, whofe ratio is 12 ; then it is plain that l6 + 28 
the meansj is equal to 4 + 40, the extremes. 

Literally. 
Let a reprefent the firfl term 4, and put x for the ratio 
12 ; then will ^ + a: =: l6, one mean, and tf + 2 a?= 28, 
the other mean, and ^ 4. 3;r= 40, the lad term or extreme. 

PROOF. 

Means. Extremes. 

« + 0?= iff a =4 

«+2j: = 28 tf+3a:=40 

Means 2tf 4. 3 a: = 44 = Elxtremes ^^ + 3x = 44 

N. B. It would be the fame if the numbers had been din> 
continued, provided the interruption be between the 2d and 
3d terms. Thus, fuppofe the 4 numbers were 4^ 169 124, 136; 

then 



e 

¥ 



or PROPORTION, 8fl 

then 4 + 136= l6 + 124 =: 140. For there is the fame 
ratio between the 3d and 4th as ^here is between the lit and 
2d, viz. 12. 

Ty R . I heartily thank you, kind Philomathes : have you 
any thing further to add upon this ? 

Phi. I am not willing to' leave any thing out that may 
be ferviceable ; but I think 1 have faid enough upon this rule 
for your prefent occafion. However, it may be expe<Sed 
I fhould teach' you to work fome queflions, or at leaft give 
you fome rules to work them by. 

Tyr. 1 think that Mr. Ward (in his Afithmetic, page 
76) ipeaks of twenty theorems belonging to this rule ; but 
he has given examples only of two of them, and the other 
eighteen I find in his Algebra, page 186 ; but having no rule 
for them, they are, I Siould think, beyond the reach of 
moft learners. I fhould have liked he had given the rule 
for finding them, though he had not done the operation 
itielf ; becaufe by a plain theorem, or rule to work by, any 
afnduous learner would know how to put things in prad^ice 
that are not very difficult ; but how fhould he know when 
he has no rule to go by, nor any tutor at hand? 

Phi. Had he given you the work of fix theorems with 
their rules, you might with eafe have found out the reft ; 
as you will difcover by the fix following Cafes ; the 2d and 
5th of which will aafwer to his two in page 74 of his work. 

CASE 1. 
Tie number or places of terms ^ and the ratio or common excefsy 
being given tojind the Iqft number. 
Multiply the number of places lefs one by the ratio or 
common excefs ; and to that produd: add the firft number, 
and the fum will be the laft number. 

CASE 2. 
Thejirjl and lap number (viz. the extremes) t and the number: 
of terms t being given tojind the aggregate or total /um of 
all the feries. 

Add the fifft and laft numbers together; and multiply the 
fum by half the number of places, and you have the toul of 
all the feries added together. Or, in cafe the number of 

Ijlaces. 
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places be odd, then add the firfl and lafl numbers together, 
and multiply the fum by the whole number of places, and 
divide that produ6i by 2, and yoa have the aggregate or 
total fum. 

CASE 3. 

Ti^ extrenus and Malgwm to Jind the nuvnher of terms. 

Add the extremes together, and divide theHotal by 
their fum, and the quotient will be equal to half the num.* 
ber of placet* 

CA8B 4. 
Thi total and numhr of terms given to find the Iqfi number. 
Divide the total by half the number of places, or, in c^ 
die terms be odd, divide double the total by the namber 
of ternifl^ and the quotient will be a number ; fronv which i^ 
vou take the %xik term, the remainder will be the laft nam* 

CASE 5* 
Tbe extremes and number of terms given to find the ratio or 

common excefs. 

From the greater take the lefs extreme, and the remain- 
der ihall be a dividend ; then from the number of termt 
take unity (viz. ]), and the remainder ihall be a divifor ; 
and the quotient arifing from them ihall be the ratio, or com* 
inon difference of the terms. 

CASE 6. • 

The extremes and common excefs ^ven to find the number of 

terms. 

From the greater take the lefs extreme, and divide the 
remainder by the common excefs; then to the quotient 
add unity, or 1, and that fum will be equal to the number 
of places. 

Tyh. Thefe rules are very plain, indeed ; they need no 
example. 

Phi. Example and precept are beft together, therefore 
I will give you an Example iti Cafe the 2d and Cafe the 5th| 
and you will, no doubt, do the rell upon firfl trial. 

EXAMPLE of CASE 5. 

Let the number of places be 8, the extremes 4 and 39 : 

I demand the ratio. 

Firft, 
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Firft, 39 — 4 = 35 dividend, then 8 — 1 = 7, the divi- . 
for, and 35 ^ 7 gives .5> the common excels* 
iVoof 4>9, 14, 19, 24, 29, 34, 39* 

Or RteraUy thus : V 

I-et j: =s 4 lefs extreme, and ^ = 39 the greater, and. h 

ra the Dumb^ of terms; then will IZZZ = 5, Uie ratio as 

i6— 1 

above. 

Tyiu I underiland it very well. Kow^ ]give n)e oa« 
Example of Cafe the 2d. 

Phi. I will. ^ 

EXAMPLE ^CASB 2« 

Let the numbers be as above, vi«* 4, 9, 14, 19, 24, 29, 
34^ 3^ It is required to £nd the aggregate or total fiipi of 
an the terms added together. 

Firft njinsbOk 9r extreme 4 

Laft39 

43 fum 
TUs X f number of terms^ viz. 4 

Total: 172 
Or BfetHifls thus : 
. Let dr be the firil and ^ the lafl: number, and l^t,4 repM^ 
i^ half the number of bsmis. 

Then«+^= 43, as^ve 
^= 4 ' 



Total fe 4- i5^== 172, as above. 
SiO thjU from hence you fee another rale to find the total, 
vUi, multiply the lefs extreme and the greater feparately by 
half the number of terms, and add their produ£b tpgether, 
it will be the fum of all the feries. And thus, a?, e^, and b^ 
may reprefent the extremes and half the terms, be they 
everfo many, which you are carefully to obferve. 

Tyr. I like this very well, and I am fure it is far from 
being hard. 
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Phi. I (hall leave you a qucQion to try at your leifurey 
to fee if your anfwer be like mine. 

Tlree or four men in company were dtj^ttng concermng 
the dijtance and the time it would take to gather up Jiones laid 
each a yard a/under for one mile in lengthy and bringing each 
fione hack to the place they began at. Ji filly bragging jockey^ 
who had prefent a good horfe^faid he could ride farther than 
contained in that in three hours. A (harper in company^ taking 
advantage of his folly ^ faid he would venture himjjftv gmneat 
be did not ride his horfe fo far in three days : tbejodes un* 
nmrily confents ; the ivager isflakedt and he ivas to Jet out 
next morning ; but long before this he found it better to yield it 
kft than make trial offuch an impofibility, it being 3099360 
yards = 176O miles ; ivhich is 58(>y miles a day. 

Tyr, Surprifing! I will try at it very fljortly. Pray^ 
what comes next ? 

Phi, Geometrical ProgreiEon. 

SECT. IV. 

OF GEOMETRICAL PROPOETION. 

Tyr. What is Geometrical Proportion ? 

Phi. Geometrical Proportion or Progreffion is when 
numbers or quantities difrer from each other by like ratio 
orreafon, as in Arithmetical Progreffion , only with this 
difference, that in Arithmetical Progreffion the ratio is the - 
effedl of Addition, but in this of Multiplication, by having 
one common multiplier. 

Tyr. Pleafe to explain this more clearly to me. 

Phi. Obferve, then, 2, 4, 8, I6, S% 64, ^&c. are num- 
bers in Geometrical Proportion, and differ by double reafon 
the one from the other, the common multiplier being 2. 
They are every one, you fee, the double of the preceding 
number. So alfo 4, 12, 36, 108, &c. differ by triple 
reafon, each term being three times its preceding one ; and 
1, 4, 16, 64, 256^ &c. differ by quadruple reafon, &c. &c. 

Tti. I underiland you nowperfe6lly well. 

Phi. 
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Phi. Then you are to obferve as follows, 

OBSERVATION.!. 

Any three numbers in Geometrical Proportion, the pro- 
duct of the extremes is equal to the fquare of the meaiv; 
that is» equal to the middle term multiplied by or into itfelf. 

Let the 3 numbers be 4, 16^ and 64. Here 4 x ^4? = 16 
X 16 = 256\ &c. 

Literal iiemonft ration. 

Let X reprefent the firft terms or extreme, and let e be 
put for the ratio, then will xe be the mean, and xee the lafl 
term, or other extreme : then will x x ^^^ 1^ =^ ^^^ fquare 
of the mean xey viz. xxee. 

PROOF. 

Extremes. Mean. 

J7 = 4 0:^=16 

xee 2=z 64 xez=i I6 



Produdl xxee = 256 xxee = 256 

Tyr. I underftand the Example very well* 
Phi. Once more, then, obferve. 

OBSERVATION 2. 

Any four numbers or quantities in 41., either continued 
or fnterrupted (provided the interruption be between the 
2d and 3d term), the produdi; of the means is equal to the 
produ6l of the extremes. 

EXAMPLE. 

Let the 4 numbers be 5, 15, 26, and 78 interrupted; 
then 5 X 78 = 15 X 26 = 390. It will be eafy to prove 
the fame literally as above. 

OBSERVATION 3. 

i The ratio of any feries of numbers in 4f. continued, is 
finind only by dividing any tf the confequents by its antece* 
dent; that is, dividing any number by the preceding nuui* 
ber. 

OBSERVATION 4. 

Whenever fo many numbers or quantities differ by double 
.-»":* ^"'^ »> IS reauired to find thc laft' number of all, the 
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general way of rooft perfons is, to double the iff, 2d, 3d, 4tb, 
&c. number, and fo continue to do till they have douUed 
as often as there are terms given. But, 

0^" There is a better way when the places are a great 
many, for you have no occafion to double bat a few of 
the terms^ and then multiply that number into itfelf, and tbe 
J>rodu6^ will be the double of the terms wanting oot; which' 
doubled, gives the next term, &c* 

Ttr. This mufl be furtlier explabed to me; I do not 
apprehend it. 

Phi, It is a little dark in words only ; but you'll und€i> 
ftand it the moment you fee it done. 

Suppofe, then, a leries of numbers in ^f from 1 to 80 
places were given, which differ by double reafon, and it 
was required to find the iaft number. Firft, double a few 
of them, fuppofing to the 5th place (which may be done 
by the head only) ; then fqaare this number, it^ (hall g^e 
you the 9^h term i which doubled, gives you the lOth term ; 
thu fquared gives the ipth term; which multiplied by 3, 
gives the 20th term; this fquared gives the 39th term; 
which doubled, gives the 40th ; this into itfelf gives tbe 79th; 
and, lailly, this doubled gives the 80th or lad term, &c &c. 

Tyr. You need not demonflrate it any further; but 
how (hall I find the fum or total of all the feries ? 
Phi* Very eafily, by either of the following methods* 

OBSERVATION 5. 

Tojlnd the fum of all theferU}^ 

1. Multiply the lad term by the ratio, or common excefs, 
and from the produ6^ fubtra6l tbe firil term ; then divide 
the remainder by the ratio wanting 1, and it will give you 
the fum of the feries. Or rather, 

% From the laft term take the firil, and divide the re-^ 
mainder by the ratio, or common excefs, lefs unity, or 1 ; 
then multiply the quotient by the ratio, and to that pro- 
duA add the firfl number, and yoa will have the fum of 
all the feries. 

Tyr. 
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Tyr. I heartily thank you, kind Philomathes, for your 
trouble. 

Phi. I fliall not give you any Examples at large, but only 
fliew you that the increafe of numbers in tt is beyond the 
belief or conception of people in general. Thus a horfe 
having 8 nails in each (hoe, and being bought or fold at only 
1 farthing the firft nail, and double the price for the next till 
you come to the 32dnai], would amount to the fum of 
4473924;^. 3x. 3|-^ ; and one nail more would make it 
8947848;^. lOx. 7|^; Thus, alfo, if a farmer's fervant 
ihould agree with his mafter to ferve him 20 years, for 1 
grain of wheat only the firft year, and 10 the next, and fo to. 
have 10 times the number every year, he would hWe 
11111111111111111111 grains for his fervice. Now al- 
lowing, according to the ftandard, that 7860 grains make 
a pint, the number of bufhels will be 226056*13425926, 
nearly ; which at fo fmall a price as half a crown a bu(hel, 
vdll amount to £, 2 82 570 1078240, And fuppofe a fhip to 
carry 1^000 loads for her burthen, it would take 1000 times 
more fuch fhips in number than the whole world can farnifh. 
Which'according to the foregoing rules you may try at your 
leifure.' 

Tyr, Surprizing indeed! depend upon it I will try it 
for curiofity fake : but, pray , before you finifli this head, give 
an idea of Harmonical Proportion. 

Phi. Harmonical or Mufical Proportion is when, in 3 

numbers given, the difference of the ift and 2d is to the 

' difference of the 2d and 3d as the 1ft is to the 3d ; or when, 

in 4 numbers given,. the difference of the ift and 2d is to 

the difil^renceof the 3d and 4th as the ] ft is to the 4th. And» 

Contra-harmonical Proportion is when, in 3 numbers 

given, the difference of the ift and 2d is to the difference 

of the 2d and 3d as the 3d is to the ift ; and fuch are 69 

10, and 12. 

Tyr, I am obliged to you. Pray, what is the next 
thing we are to learn ? 

PhIv 
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Phi. You are now come to Equations ; and pray take 
the greated care you pofEbiy can, for the folving of alge- 
braic queitions depend upon the true knowledge diereo£ 

T Y B. I will be diligent to obfenre what you fay. 



DIALOGUE VIII. 

OF EQUATIONS. 

* SECT. I. 
Of Reduaion. 

Tyr. what do you mean by an Equation ? 

Phi. An Equation is an exadt equality, or the mutual 
agreement of two or more things when compared togetlier. 
Thus, when a pound flerling is compared with ihillings, it is 
found equal to 20« and a crown compared with groats is 
equal to 15 fuch pieces; therefore there can be no Equa- 
tion where there are not two things at leaft, becaufe there 
can be no analogy or comparifon : and when there are two 
numbers or quantities, or more, to be compared with each 
otl^er, you will always find this fign or chara^er (;=) placed 
between them. 

DemonRratlon . 

Suppofe X to reprefent a £. fterling, and d 240 pence, its 
equivalent, then it is evident that x :=, d. Again, fuppofe 
g to reprefent 5 (hillings, and e\6 groats, then will g z=ie» 
But fuppofe g to reprefent a (hilling only, and t one groat 
only, then there muft be numbers before the quantities to 
form an Equation ; for whereas before,^ was = to ^, now 
here it will be ^ = 3 ^i or 5 ^^=15 e; viz. l/.=3 groats, 
5/. = 15 groats. 

Tyr. I undeiftand the demonftration very well. 
Phi. You are fuither to obferve, Tyrunculus, that in 
every Equation there are two parts : that part which (lands 
before the figa is called the finl part, and that after it the 
fecondt 

EZAMPM 
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EXAMPLE. 

Suppofe ar:= 43 -f- r, then is a? on the firft part equal t6 
Af times the quantity reprefented by b on the lecond part, 
together with the quantity reprefented by r « added to it. 

Tyr. Pray, how are Equations formed ? 

Phi. This is a queftion that I cannot anfwer asyet to 
your undeVftanding ; but you may learn thus far, that when 
one or more letters reprefenting any known quantity are 
found on the fame fide of the equation with other quantities 
that reprefent unknown quantities, then they muft be fo 
Hftmaged, as to be brought on the other fide ot the equation ; 
fo that one fide of the equation muft be poffefled by un* 
known ^nd the other by known quantities, with the fign of 
equality between them ; and thus will the unknown quan* 
tit y be difcovered : and this is called tranfpofition. From 
hence will follow thefe Axioms, or felf-evident principles, 
which I beg you would get by heart, at leaft fo as to know 
their ufe and meaning. 

AXIOM 1* 

If equal numbers or quantities be added to equal number? 
or quantities, their fum will ftill be equal ; that is, fuppofe 
a was = 4, then by adding any number or quantity to each 
fide of the equation (fuppofe 12), it will ftili be equal ; that 
is, /jf 4- 12 ;= 4 4- 12, = 16, &c. 

AXIOM 2. 

If equal quantities or numbers be fubtra^led from equal 
Quantities or numbers, the remainder will be equal. Thus, 
iuppofe j: = 12, then by fubtrading 8 from each fide, x — • 
8 = 12, — 8=4, &c. 

AXIOM 3« 

Ifequa! 'quantides be multiplied by equal quantities, the 
produdts will be. ftill equal. Thus, fuppofe a? = 8, and I 
multiply each fide by any quantity or number, as 12, thea 
will 12 x;=i 96, This is plain from the ne^^t Axiom. 

F AXIOtf 
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AXIOM 4. 

If equal qoantities be divided by equal quantitieSt the 
^uotieots will be equal. Suppofe 12 jr = 9O9 then diTid* 
iDg by 129 X will be equal to 89 as per Axiom 3. 

AXIOM ^. 

Thofe numbers or quantities that are equal to one and 
the fame thing, are equal to one another $ that is, fuppofe 
;r, or 3 — f, or 5 ^ -|- 6» were either of them=to 144t 
then are they alfo equal to each other. 

You will fee more of the nature of thefe Axioms in the 
next Sedion, in treating of tranfpofitbn. 

SECT. IL 

BEDUCTION BY ADDITION^ OB9 THE METHOD OF TaAll8« 
FOSIMG NUMBERS AND QUANTITIES. 

Tyr. What do you mean by tranfpofition ? 

Phi. Tranfpofition is the tranfpofing, altering, chane* 
ing, or removing any thing from one place to another* To 
tranfpofe, then, anynum^ror quantity, is only to remove 
it from one (ide of the equation, and placing it on the other 
with the contrary fign ; and this anfwers to Axioms the ift 
and 2d. 

Tyh. If I remembery you ufe this character (f ) for trant 
pofuion, do you not ? 

Phi. Yes, I (hall throughout the work, and wherever 
you meet with it, read the word tranfpofng. 

Tyr. Very well. Pleafe to give me fome examples in 
Addition. 

03* Phi. I will ; and pray remember that Addition is 
nothing more than removing every negative quantity to the 

contrary fide of the equation^ and making it affirmative* 

* 

EXAMPLE !• 

Suppofe I 1 I X — i5=f. Tfaen^ — b 

Or, by Axiom 1» adding + 2 to each fide of the equation, it 
will be 
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3 I x = i+iM be&re; becaufe — B ^ Bonibe 
of the eqimtion deAfoy «ach other. 



IM 



EXAHFLB S. 

-J^B=g. Tben^- 



— a — p=F. 

— J^=g + i. Andp- 
.- =g + J-¥6. Anf. 

Or, Igr addiDg + ^ + i to «ach fide, 
~d—b=g 

+ </ + «=+ d + «, it will be 
=; + i/ -|- J as before, becaub -^ tt+ B and 
i on the firll fide denroy each other. 

Thus, you fee, traofpafition agrees with Axiom 1. •■ 
Tys. I perceive it does ; but it is leTs trouble to change 
the (igns tbia it is to add equ^ quantities on each fide. 

Phi. It is; but Aill Axiom 1 fliews you the reafon oFit, 
which perhaps you might not have known elfe. 

Tyr. Pleafe to give me another example, and prove it 
by numbers. 

Fhi. ObTerve, then. 

EXAMFLB 3. 
Let lllx — /c — </= Off. Then f—-</ 
Islx — Sc = aa +i/. And f — Be 
l3|«s=a« + i/ + & ^n/ 

Kumeriad Proof, 
The Eqna^on is i' Be d ^ aa. Make — £r = — 
12, — *^ = — 8, and aa = 25, Then will it be, 

II I J— 12 — 8 =25. Then ^ — 8 
2 Lr — 12 = 25 + 8. And ^ — 12 
3 I * = 25 + 8 + 12 =*5=aa-i- £i + Be aaho- 
ibrei And thus you fee that quantities may be reprefeotad 
by any numbers at pleafure, and the value of the uiiknown 
quanucy x may eafily be difcovered. 

Ttr. I like this yery well) indeed. Give mcfomemore 
examples. 
Phi. IwilL 

F 2 ^■^k.■MLt^.»■ 
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EXAVFLE -U 

Let 1 5x— 8 = i!* — X. Thn^— S 

2 5x = 24 + 8 — X. AmAp — x 

3 j X + X, that is 6x = 24 4>8 = 32 ^«^ 

BXAHFLS 3* 

Let 1 I X — ^— ir = £a — le^. TImo^ — ^ 

2 I J— J = M— IZi-^Ae. And ^ — 4/ 

.3 I x = fltf — i^B-^U-^d. LaMff ^-.12 2 

4 I j+ i2 3 = Ai4-^4-^. jfmf. 
Do TCii uoderfuDd it ? 

Tte. Vc5, TCTjplaittlf. 

Phi. Then ve mil jprooeed ta SubtniAioii, in vfaidi I 
(hall i^ve 3rou the &me lort of examples as In Addition, that 
you may fee the natnre of both the better. 



SECT. IIL 

EEDUCTIOM BY SUBTEACTIOK. 

Tte. I onderQiand Addition very well, and appfehend 

Subtradion to be only the reverfe of it. 

Phi. You are right, for here you have nothing to do but 
to tranfpofe the affirmative quantities or numbers to the 
other fide of the eqaatiooi and place the negative fign be* 
fore them, 

EXAMPLE 1. 



Let 



1 

o 



Or, by 



be the fame. Thus, 



X + i5 = r. Then f + B 
x-=.c — h Anf. See Ex. 1, Addition. 
Axiom 2, fubtrading — b from each fide, it will 



1 
2 
.3 



X + h ■=. c. Then fubtra^ing 

'- h •=. — 3, it is 
X z=lc — i5 as before ; for Ar h — h defifDy 



each other on the fir ft fide. 



Let 



EXAMPLE 2. 



1 

2 



X -f- d=:g 






Then f + ^ 
And1p + J 



jlJI 



Or by lubtradtiDg -^d-^ b irom each fide. 



IM 
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d^h 



1 

2 
3 



x + ^/ + 3=:^. Then 

X :=Lg — ^ — ^ as above ; bccaafe + J + 6 — • 



on the iirA fide deflroy each other* 



EXAMFLf 3. 

Let 1 X '\-hc'\-d:=ida. Then ^ + rf 

2 X '^'hczzi aa — d. And + he 

3 X7:=,aa''^d — he Anf. 

Nv7nerical Proof . 
The equation b x + he •¥d:=zaa. Now let + & s± 12> 
^ = 8, and aa =:25. Then it will be 

1 :r + 12 + 8 = 25. Then (p 8 

2 x + 12=25— 8. And ^12 

3 a:==25T- 8 — 12=5 Anf. z=: aa -' d -- hc^ ^ 
as above. 

Pleafe to compare this with Example 3 in Addition, 
you will fee the quantities are the fame ; but the difference 
of the value of x is 40 lefs here than it is there, becaufe 
you fee what is affirmative there is negative here. And, 
indeed, I am of opinion that the comparing of them with 
each other will (hew you more the nature of each than 
many examples whofe Reps are not alike, and confufedly 
deraonflrated. 

Tyr. Indeed, I think it almofl impofEble not to under- 
ftand it, fo plain as you have done it. 

Phi. Here follows, then, 

E^XAMPLE 4. 



Let 



1 
o 

3 



5 a? + 8 = 24 + a:. Then ? + 8 

5 X =24 — 8+0? 

5 X — Xy that is, 4 a? = 24 — 8 = l6. 



See Example 4 in Addition. 

EXAMPLE 5. 
Let 1 X -^ d •\' he z=: aa -V 12 h. 
X + d:=z aa^r\2h — he, 
X =aa-{' 12 h'^ he — d. 
X — dwf = 12^ — i5f— rf An/. Compare this 
with Example 5 in Addition. 

F 3 - TvR. 



1 
2 
3 

4 



Then f he 
And d 
Laftly, ?» 12^ 
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Tyr. T lee the nature of both pLunly. Have yoa any 
thiDg farther to add ? 

Phi. It may not be amiit to giye yoa an Example to ex* 
ercife you in both. 

AN IXAMPLS IN BOTH RULES. 
EXAMP^LE 5. 

1 I 4dP— ^ + 3 +V_^=: 142. By^ — ^, 

2 4.t + ^ +c — J=142+^. By^i^, 

3 4 *+r — </= 142+^-5. Thenar, 

4 4x — J=142+^ — ^ — r. Andf — i/, 
I 5 4jf=l42+^ — i5_r + </>fii/: 

^Numerical Proof, 
Let— ^ = —8, 4-i5 = 12, +r=:6, and — </s3 
— l6, what will X be ? 



Let 



Then, 



1 

2 
3 
4 
5 

6 
7 

8 



4j? — 8 + 12 + 6— 16=142. By ^ — 8, 
4j:+ 12+6—16= 142 + 8. By f 12, 
4j: + 6— 16=142 + 8—12. By ? 6, 
4ar— 16=142 + 8— 12*— 6. Andf l6, 
4j?=142 + 8— 12— :6+ l6ytn/.ABkboyt» 

That is, 
4j=ri66— 18. That IS, 
4 J7 == 148. Therefore by dividing 148 by 4, 

4 



Ttr. I like this numerical proof very much, it is fo 
plain ; and the firft five fleps agree fo with the literal, that 
there need no more examples of this fort. 

(C^ Phi. I have proceeded, indeed, but one ftep and one 
quantity at a tirae> becaufe you might fee the gradual order 
of the work ; but you may as well tranfpofe them all at one 
ftroke, for it is only ufmg the contrary iign, you know ; 
however, this is left to your liberty and pradice. 

Tyr. I underftand you very well. Tray, what comes 
next? 

Phi. You are now come to Multiplication, where you 
will begin to fee the beauty of equations. 

S£CT. 



or iLB»uciira4.BauATioNBb 
SECT. ^V. 
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REDUCTION ty MULTIPLICATION. 

Ttr. How is MultipHcation of Equations performed i 
Phi. Multiplication is performed as follows : 

1. When there is an equation between two fraftions, 
having a common denominator, then cafl away or cancel 
the comnion denominator, and the numerators will be equal 
to each other. 

EJTAMPUB 1* 

^ - ilf . Then 
9 "" 9 

2. Or if the fra6Hons have not a common denominator, 
reduce them to one, after which expunge the common de- 
nominator, and the new numerators will be equal. 



Let 



Let 



2 
3 



X _ 
10 a? 



EXAMPLE 2. 

Theie reduced to a C D» 



10- 

30 , . 
= — 9 that 18, 
60 . ' 



50 
I 10a? = 30r Anf. 

3. Or if there be but one fradion, and that be made 
equal to any whole numl>er or quantity, then only multiply 
the whole quantity by the denominator of the fradtion, and. 
that produ^ (hall be equal to the numerator. 

EXAMPLE 3* 



Let 



1 
2 



\ 



24 tf^ 
^ =T= ~ — » then 

12a? = 24 a ^»/. 



4. Or, to prevent the trouble of reducing the fradtion* 
to a common denominator, multiply the numerator of thd 
fecond fraction by the denominator of the firft fradlion, and 
place the produ6l for a new numerator over the fecond firac* 
lion; fo will the numerator of the ^rAfra6^ion be equal to it 
in the fecond flep. Then multiply the numerator of the 

F 4 J firft 
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firft fradlion by the denominator of the fecond fraction ; So 
i?vill this produa be equal to the fatil new numerator, and the 
equation will be cleared from fractions, and the unknowB 
quantity difcovered. 



Let 



EXAMPLE 4« 



1 

2 
3 
4 



s 108 

12"^ 4 

.=,^!9?. Then 



Then 108 X 12 



XX 4 



4x=1296. Thenmuft 



1296_ 



324 ^«/: 



Ttr. 1 like this way beft, I muft confefs. 

Phi. When the numbers or quantities are manyf itii 
lefs trouble^ indeed, to do it this way. Now^ perhaps, yoa 
will be diverted with the proof. , 

Tyr. I (hould be glaa to fee the reafon, iAdeedtf why 

a' . , 108 

i— 18 equal to . 

12 ^ 4 

Phi. That tou ihall dire£Uy, and in a &w words. 

324 
Firft, X is proved to be equal to 324, as above ; then — -r 



= 27. So that --- = 

4 12 4 



a. £. D. 



Tyr. Very pretty, indeed ! but, pray, give me leave to 
fet you a queftion, and to deCre you to do the work at large : 
J aflure you it will be of great fervice to me, and I ihall 
need no more examples of this fort. 

Phi. You know, or may know, I am always ready to 
ferve you. Pray, propofe the thing. 

EXAMPLE 5. 

3 X 2 X 

TrKtSuppofe + 12 =— 1- + 14 what^ thmy is x 



equal to 9 



Phi. 
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Phi. A very pretty ufeful qaeftion, and I will do it fo 

plain, that I believe you will be fatisfied with the manner of 

It, becaufe I fhall demonflrate it as a lianding rule for fuch 

3x Qx 

examples. Let t- + 12 = --+ 14» 

Demonjiratlon, 
Firft, T multiply the whole number 12, and the numera- 

tor of the fecond fra<5lion (viz. ~j, and the whole num^ 

ber 14 into the denominator of the firft fradlion, viz. 4> and 
the produds are 48, 8 ^9 and 56 : but whereas the (ign of 
equality (=) fails between the whole number 12, and the 

fraction --^ I dill keep it always in the fame place, till I 

have done multiplying the whole ; therefore it will be 3 x 4. 
48 = 8 a? + 56f under which I put the denominator of the 
fecond fraftion, and fo is the firft fide of the equation clear- 
ed of fra(5lions, imd will ftand in the fecond flep thus : 3 x 

Sx 
+ 48 3= — + 56* Then to clear the fecond fide from 

fradions, I now multiply every member of the fecond ftep 
into the denominator of the fecond fi:a6tion, viz. 3, except it 
be its new numerator 8 x, and then it will be in the third flep 
9:^4. 144 =807+ VSti ^nd- thus is the whole equation 
freed from fra6Hons. Now tranfpofing Sx and x 144, I 
have in the fourth ftep 9x — 8 j? = I68 — 144 ; that 15, x 
=.168 — 144 = 24, the value of a: recjuired. See the 
work at large as follows, and compare it with what is above. 

Tie operation 0/*ezample5«^ 



Let 



-4. 12 ?= ^+ 14» Then X 4 

e|3ar 4. 48 = — + 66^ Which X 3, the 

denominator of the fecond fra6Hon is 

39 X ^ 144 == 8 X 4. 168. Then ^ 8 Jf 4-144, 

49 or -^ 8 a; = 168 — 144. That is, 

51 «s524. M/. 

F 5 "^s^^^it 
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PBOOF. 

7d/r(w iitff — + 12= — + 14. 

Fiift, j*=: 24 ta above, tben maft — + 12^ that ts, 

4 

72 9 r 4A 

— + 12=30; andfoalfo— that b ^ + 14 = 30, 

O. E. D.* 

^ . Ttr. Nothing can be plainer, nor more eafy to be on- 
cerftood. 

Phi. If due attention be«given, as you obierve, it b eafy 
enough ; I (ball therefore leave one more Example with 
you, and haften to Divifion. 

EXAMPLX 6. 



Letll 

2 
3 

4 
5 



^* + i6=^-18- FirftxP 

4* + 144 =^ — 162. This X 6, 



24 ar + 854 = 27 x — 972. Then f 24* 

and — 972, 

854 + 972 = 27 .T — 24 X. That is, 

1835 = 3 X. Therefore 



6x 
Suppofe that 35 + -r- =: 72, then will x be found to 

o 

be = 48. 

0:3* But here, T3n'unculus, you roufl obferve, that if at 
any time the fquare or cube of any unknown quantity (hould 
in the lail (lep of any equation be found to be equal to fuch 
number or quantity, then you muft extract the fquare or 

* N. B. Thit ii called Sjmthetical DemonAration, or Compofition, 
and you niay £ee this Equation turned into a FloblMP, and Colved al- 
gelttaicaUj, Dulogym 10, Pi^Ucn 29. 

cube 



\ 
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cube root of fuch nambers, and you will then have the va- 
•lue of the unknown quantity itfelfc Thus, , fuppofe xx 
fhould at laft fall out to be e<pial to* 81, then is x == 9 the 
fquare root thereof; and i£xxx=. 64^ theo' will x=s 4 its 
cub^ rooK 

EXAMPLE 7* 



Let 



1 



XX 

~ = 44 + 5. Then 

4 



2 xjr = 176 + 20, that is, 

3 ( arx =r 196. Therefore, 



Let 



1 

2 



SXAMPLE 8« 

XXX ^^ 

— +c+f = dg. Then x * 
XXX + be ^ bf=bag 



3 



I 



Tyr.' I need no more examples ; what you have (hewa 
me already is fufficient. 

Phi. You may indeed, reduce any fimple eqpation by 
what you have feen, therefore we will proceed to Divifion* 

SECT. V. 

REDUCTION BY DIVISION. 

Ttr. Pray, how is Diviiion of Equations performed ? 

Phi. When any quantity or quantides that are alike 
poiTeG both fides ot the equation, divide each fide by the 
faid quantity (whicb is the fame as to reduce it to its loweft 
terms), and then will one fide be dill equal to the oth^r ; 
and if there be fractions, clear the equation of them, by 
multiplying all the parts by the denominators of the frac- 
doo, as in Multiplication* , 

EXAMPLB 1. 

Let [ 1 I 4rx cs 16a? + 12jp, then -r by x, 
{21 X ss 16.^ 12 =: 28, by Asdom 4. 

F 6 EZA1IPLV 



lOS 



or KBOUCING MOATJOVf. 



Let 



Let 



1 

3 

1 

2 



EXAMPLE 2. 

xxc ^ bcx + dcx = cx -^ffx. Then •?- c 
xj + ^ + d!r=: x+/x. Then-7-'» 
jf + 6 + d = 1 j^ffAi^. 

EXAMPLE 3. 

6x — cx = gg. Then -?- 6— o 



Ttr. I do not rightly apprehend this laft Example* 
Can you demonflrate it by numbers ? 

Phi. Yes, to be fure, and will. Let6 = 8 — • c:$=-— 
4| and g = 12, then gg =z: 144. 

Numericalproqf of 2XAw?LE 3. 
Let I 1 j 8 X — 4 x=: 144, then -?. by 8 — 4 

Ttk« I heartily thank you^Philomathes, and am mistily 

J leafed with it. But if there be fractions, what^ do yon fay 
atn to do as I did in Multiplication ? 
Phi. Yes ; after having firft abbreviated the numer^tors^ 
or dividing them by like quantities or numbers (for the de« 
nominators are never divided), you proceed then to noultiply 
crofs-ways, as in Divifion of Fra^ons, till you difcover the 
unknown quantity. 

Tyr. Pleafe to give mean Example. 
Phi. IwiU. 



Let 



-t 



1 



2 
3 



EXAMPLE 4* 

84x yox ^, . . i_ 

= — TT Then -i- numerators by 

a>— 4 X — 6 • ' 

X you have 

iSi- = -^. Thenx-4X 70 

X — 4 X— <) 

84 = rr- 1 Then 84 9-^6, 



X— (J 
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5 

6' 



84a? — 504 = 70 or — .280. Then f 70 a? and 

— 504, 
84x — 70 a: 504 — 280 = 224 5 that i», 
14 a: = 224. Therefore 

X = =1: lo Anf. 

14 

Tyr. And can you prove this lad Example fynthetical* 
ly, as you did in Multiplication ? 
Phi* Y.es> moil certainly , if the wcMrk be done right, 

A fiintkeiical Proof of EXAMPLE 4!» 
You fee that x is :?= I09 then 7-5 that is 



X — 4 



Iff — 4 
70 J? 



112, the firft fide of the equation. Again,' • that is 
—^^ =5 112. Confequently, therefore, i^f = ^ 

10 ~~* O X ■'1' «P' '*0 

Q. E. D. 

Tyr. Not one thing that you have demonftrated pleafes 
me better, nor gives me greater fatisfadtiop. 
Phi. I will give you an example or two 'more. 

EXAMPLE 5. 

Let 1 ddxx + ddhxsQ — ddx =: ddfx + ddff^x* ^Thea 
J^dd 
2' XX + bxx^X'szfa +jfs6» Then -5- x 
,3 a:+5a? — 1=/+#. 
GC^ Here ii\deed the known quantities and the unknown 
quantity (which we fuppofe are reprefented by x) both pot 
ilefs the lird fide of the equation ; in order dierefore to let th^ 
ynkAOwnquantityxpofTeTs one fide by itfelfj do thus : let the 
whole equation be divided by the known xjuantity or quan- 
tities, and then will the unknowi?*quantity x be equal to the 
.qupdent of jfuch divilion. As ' 

Suppofe in any equation it (hould fo fall QOt^ tbat ^^-r 
^t^ssiQ + gf what is X equal to i 

}Let 



ll# «r 



I 2 |*= 



-i-^— i 



<• 



f^ AffsM ^ Ci| y il g is trpa^ to dKofcrilie vnkiKmii 
r, afl :be i ^uM i f'in koppea to £bl cogcdber, fo as 




soffiier to fbmi 
she firfi fide, ind put a 
m the ieooBd ide of tke cqMtiaoy lb v31 tbe im- 
l uMW i * qaaiioty be <&KOfcrcdL Tk■^ 



1 
2 
3 



12x — 312, tlKa 

12x — 312=0; thati&» 

12* = 312. 

312 ^ 



R B. SccthtSdi aadiOthfiqtt ofFrobkm IS, Db- 
kpieia 

XXAICPL£ S. 



Let 



1 

2 



5 jm^+ 8 xx=:x6c+ 4&,dien-r'« 
5xd + 8x=:6c + 4 6^tliea-i- Si^ + S"^ 

da+ 8 



SECT. VL 

HOW TO COMTERT OR TURN EQUATIONS INTO ANALO- 
GIES} AND THE CONTRARY. 

Ttr. I imagine that this (e6Hon depends upon a true 
knowledge of the nature of Proportion ; does it not ? 

Phi. Mod certainly ;and therefore, from what has been 
laid down in Dial. 7, oe6l. 2, it will be ealy to convert anv 
equation into an analogy, or light proportion ; andeibecial- 
ly fince I (hall take fome of the fame equations, and re&r you 
back to the former work| to confirm you the better in what 
^ou ire doing. , 

0BI£R« 
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OBSERVATION 1. 

When any equation (not havjng fradions) is given to be 
converted into an analogy, then it will be, as any of the 
quantities or fadlors on one (ide are to any other on the 
other (ide, ib will the remaining quantity or quantities on 
the fame fide be to the remainmg ones on the other fider 
and vice rer/a. . 

EXAMPLE 1. 

Let the equation he xd =, cb. See the third ftep in the 
demonflration. Dial. 7, Se6t. 2. 
Let 1 X d r=cb^ then 

2 Asx : ciidib. Or 

3 As x:b::c:d, &c. For the 1(1 term 

4 a? X (the 4) i/ = (2) c X (3 J b. Confeqacntly 

5 X d =z cb, 
Ttr. I perceive, then, this is but a common proof to 

Proportion. 

Phi. Nothing more ; for if you compare this Example 
with the fix obfervations laid down in Dialogiie 7 9 Se6t. 2, 
you may make a great many more flops of it than I have 
done. 

Tyr. I fee plainly the manner of turning equations into 
analogies when both fides are whole quantities : but fctppofe 
one fide be a whole number or quantity* and the 6ther a 
fraction ? 

Phi. Then you are to proceed as follows, x 

OBSERVATION 2* 

When any whole number or quantity in an equation is 
made equal to a fira^Hony whofe numerator has two quanti« 
ties, and the denominator but one, then break the numera- 
tor into two fuch parts^ which multiplied together will pro- 
duce the fame, and make thofe parts the means ; then make 
the whole quantity and the denomiilator of the fradion 
the extremes. Or, in other words» mAt the whole quan- 
tity the firft term in the Rule of Three ; the denominator 
of fradion the fourth ; and the numerator, divided into two 

partS| . as before direAed, make the fecond and third term. 

- / 

EXAMPLS 
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Let 



EXAMPLE 2. 

a 



XI b::ci d. Or 



3 ^: c ::b : d. That is, 

4 X dr=:hc. See demonftration, Dial. 7> Se6t« 2. 
Tyr. I underihiDd it very well ; but fuppofe both be 

fradtionsy bow then ? 

Phi. Certainly you forget, Tyrunculus. Pray, turn beck 
to the fourth ftep of Dialogue 7» Se<a. 2, for I fhal! give 
you the fame example. Or, if you remember what I told 
you in Abbreviations, you Yiiil find the analogy will hold as 
follows. 

OBSERVATION 3. 

A 8 one denominator is to the other, fo will one numera- 
tor be to the other ; or as one denominator is to its own du- 
meratori fo is the other denominator to its numerator, &c* 



Let 



2 
3 



EXAMPLE 3* 
* rf rr., 

— = — • Then as 

X c 

X : c I :b : d. Or as 
x:b : :c: df &c. &c. 



Tyr. I am obliged to you ; have you nothing more to 
add? ^ . / 

Fui. I will give you an Example, by way of exercife* 

EXAMPLi: 4. 

Let 1 xh + xdsizbd. Then as 

2 x:h:id:b-\-d. For 

3 X X b-¥ dz=:xb + xd, the firft fide, and 

4 b X d z=:i bdf tht iecond fide. Or as 

5 b :x fzb-^ did. Or, by adding xd to eack 
fide, 

6 xb •^-ixdssbd'^'xd. Then, as 

7 x:h+x:id:b'{'2d. Or, taking W from 
each fide, 

|8| 
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8 xb=zbd^^xJ. Then, as 

9 X did I lb — X ih» &€. &c* confequently 
10 xb-\-xd=hd 

Tyr. Then I perceive by the third and fourth fteps, that 
if one fide of an equation can be divided into two parts, fb as 
VO become extremes (which being multiplied together, will 
be equal to the fide before it was divided), the other fide, be- 
ing divided in the fame manner,- will be the means, will it 
not? " 

Phi. Yes, your notion is right; and I am glad to find 
ou fo perfeA in what you have done ; therefore 1 Ihall 
id you adieu, and leave y»uto confider upon thofe exam- 
ples which you think yourfelf leaft acquainted with : 
and when opportunity fuics I (hall be glad to fee you and 
your friend Novitius, and then we will put thefe examples ia 
prad^ice by fome algebraic problems. 

Tyr. Sir, I am obliged to you ; and I dare fay Novitius 
vill be as proud of the invitation. But let me bleg of you 
to ilay a little longer. 

Phi. Not now, Tyrunculus ; I tbinki have inade you a 
loiig vifit ; befides, night comes on apace, and I choofe to 

Tyr. Sir, if you are determined to go, I heartily wifh 
you a good night, and humbly thank you for your company ; 
and I intend to do myfelf the pleafure of waiting upon yoa 
very (hortly. 

Phi. When you thmk proper, Tyrunculus. 



CHAP. 
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CHAR IIL 

DIALOGUE IX* 
SECT. I. 

Between Philomathes and Tyrunculnsy concerning tbe 
nature of Algebraic Problems, and how to prepare them 
for a iolution. 



Tyrunculus returning the vifit to Philomathe4» 

Tyr. PHILOMATHESy^yoor humble fenrant ; how 
do you do ? 

Phi. Thank you, Tyrunculos, I am pretty well, and 
am glad to fee you fo. 

T Y R. You remember I faid it (hould not be long before I 
would call again to fee you ; but, perhaps,^ I am not come 
at a fuitable time. 

Phi. You could not have hit upon it better, Tyroncu* 
lus ; it fuits me quite well, and I was but juft before thinking 
of and wiihing for you. Come, pray Ct down. But where 
is your friend Novitius ? I expelled you both together. 

Ttr. We are obliged to you. Sir, and I afked him to 
come, as you defired, and he promifed to follow me. 

Phi. Well, Tyrunculus, in the mean time let me know 
how yon go on, and what improvement you have made fince 
I faw you l^ft. 

Tyr. I am afraid it will not bear too clofe an examina- 
tion ; however, that very night you left me, I looked over 
the chief of what you have fhewn me, and find myfelf 
much more perfed in it. 

Phi. You have done well 5 it is all I required ; and you 
will be the better able to underftand the following problems. 

Tyr. I muft confefs I do not care how foon I begin to 
try a few quefUons, or at leaft to fee tfiem wrought, for 
you mud know I am in a hurry. 

Phi, You ihall prefently ; but pray be not fo over hafty ; 
fair and foftlyt you know, go the fi»thefl ; and I have 

fomethiny; 
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ibmething to premife, fir(t of all, that will be of fenrice, and 
help you forward in the work. 

Tyr. Pray, what is that ? - 

Phi. It would be requifite that you ihould be acquaint- 
ed with the following obfenrations : 

OBSEBVATION 1. 

When any queftion is giveto to be anfwered in an alge- 
braic manlier, firft, for the anfwer or number fought, put 
X ; then proceed, according to the tenor of the queftion, to 
add, fubtra(5t, multiply, or divide, until you have formed 
an equation, which if it has fractions, muft be cleared ac- 
cording to the rules laid down in. Multiplication, Se£t. 4, 
Dialogue 8. This done, proceed to tranfpofe according 
to the order of Addition and Subtradion of Equations, and 
you will (by keeping x on the firfl (ide of the equation) have 
It equal at laft to fome known quantity or qualities, by 
which alfo X will be of courfe known, and its value diiu 
covered. 

OBSERVAriON 2. 

Though it be cuftomary to ufe x for the unknown quan- 
tity, yet you may make ufe of any other letter at plesuiire. 
Some analifts ufe vowels to reprefent unkno*wn and confo- 
nants inown quantities ; but others ufe them as their own 
fancy and inclination diredt. Butftill, you are to obferve, 
the letter o is never ufed to exprefs a quantity (though in- 
deed the anfwer would be the lame with this as with any 
other letter) ; and there Teems to be a reafon for it, iince it 
b but a cipher at bed, without integers ; and dierefore, 
(ioce nothing cannot be fomething, by reafon of its want or 
deficiency, it would be abfurd to put it to reprefent any 
number or quantity ; though, as 1 obferved before, it is 
fometimes uied to rorm an equation. See Problem 18, ftep* 
10. t 

OBSERVATION 3. 

' If to the fum of any two numbers you add their differ- 
ence, and divide the wh6le by 2, the quotient will be the 
greater number. Or if you add the numbers and their dif- 
ference together, and div.ide by 2y you have the greater 
npmber. obs£rvatzoi| 
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OBSERVATION 4. 

If from the greater number you take the ^fierence of tbt 
laid numbers, the remainder will be the lefs number. Or, 
if[-you add any two numbers and theii difference togethcri 
and divide the fum by 2f and then fubtra^ the difference ^ 
tlie faid numbers from the quotients the remainder will be 
the leis number. 

C3* OBSERVATION 5. 

When any fira^on is given to be divided into two, three^ 
or more parts, then divide the numerator, if you can, bto 
fuch Darts> and let the denominator remain as it was ; and 
in caie you cannot divide the numerator into the parts re- 
quired, mt^ltiply the denominator into fuch parts as are re- 
quired, and 1^ the numerator remain as it was ; fo is cht 
n-adtion truly divided into iuch parts as. really as if it had 
been performed by dividon^ which is fometimes very diffi- 

cult. Thus, fuppofe I was to divide — into three parti| 

2 1 6 

I divide 6 by 3, and it is 2 ; fo is — the -— of — • But 

X 3 X 

fuppoie it were --r- to be divided mto three parts, as I can- 
not well divide x by 3». therefore I multiply the deoomina- 
tor 6 by 3, and it is 18 ; fo is — — of -rr-m This I have 

demonflrated, becaufe you (hall feldom meet with it in any 
authors, although it is of infinite fervice in Algebra. I begi 
therefore, you would remember it in particular* 

OBSERVATION 6. 

When any two numbers are given, and you would ex- 
prels them literally (we will fuppofe you put x for the greater 
and e for the lefs number), then will the following fteps be of 
fervice, becaufe they will help you to underftand the nature 
of a queftion, and the fooner to do the fame, as being a 
proper and neceffary exercife of the foregoing rules, by 
teaching you how to exprefs them in their true order. Thus, 



1 

2 
3 
4 
5 
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Suppofe the greater be jp, 
And the lefs number e^ 
Then will their fum hex -^ e^ 
Their difference r — e. 
Their product a? X '> viz. xe. 

The quotient of the greater -4- by the lefs b — 
The quotient of the lefs by the greater b - 
The order of proportion, as a? : ^ : : ^ : — 

X 

, ^ ^ ^ s firft, z&e\x\\x\ -— 

tf . 

10 The fquare of the greater kx^ 

1 1 j The fquare of the lefs ee^ 

12 i The fum of their fquares xx + ee^ 

13 The difference of their fquares xx — ee, 

14 The fum of their fum and difference 2 x^ 

15 The difference of their fum and difference 2 f» 

16 The produdt of their fum and difference xx ■— et^ 

17 The fquare of their fum xx-\- 2 xe-V ee^ 

18 The fquare of their difference xx — 2 xc + ec^ 

19 The fquare of their produft xxet^ 

20 The cube of the greater xxx^ or x^^ 

21 The cube of the lefs ^tftf, orc^, &c. 
Thefe being underftood, you may proceed to the W0i4-i 

ing of the following Algebraic Problems. 
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DIALOGUE X. 

SECT. I. 

jflgdrak Problems f or ike Solution of Queftions produekg 

ftmple Equations, 



Between Philomathest Tyrunculas, and Ncmtus^ beiog a 
proper exercile of all the foregoiug rules. 

Ttr. This is that part of Algebra that I hare lb loDt 
wUhed to be trying at, and to v/luch, by your kind afSft- 
vmcef PhiIomathes» I am at laft happily arrived. 

Phi. I am as much fatisfied, and take as great plealiire 
in your progreis as you poffibly can ; and I doubt not of 
vour underfianding the manner of working the problems ^ 
in a (hort time. Only take care to mind the fieps in 
the numerical work, and you will foon underdand theliteral« 
for I (hall endeavour to make the fteps alike, if I can. And 
though yj^u be perfect in the chief of what you have done^ 
yet give me leave once more to femind you of thefe three 
things, viz. That this^ charadler (jp)^ in any ftep, (hews 
you that the number or quantity before which it is placed is 
tranrpofed in the next ftep to the other (ide of the equation ; 
this (Q) fignifies by the queJHon ; and, laftly, to remember 
that to take the -f or ■J-^&c. of any fra6lion is only to multiply 
the denominator by 2, 3, &c. which is the fame as to divide 
the numerator by die fame figures. Thefe bemg obferved« 
we will proceed to 

PROBLEM 1. 

What number is that, which being multiplied by 12, and 
having 18 added to theprodu^, the /urn will be 294f f 
' Numerical Solution. 



Put 



1 

2 
3 
4 
5 



X for the number, this X 12 

12 Xy add 18, it is 

12 ac + 18. This Q = 294, Then f 18 

12 w = 294 — 18 ; that is, , 

12 a? = 276. Then is, 



276 ^c, A r 

X = — --- = 23 An/. 

12 



literal 
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1 
2 
o 
4 
5 



Literal SobUion. 
Let b =12, c =5 18, d = 294. 
« 8s before x ^» 
jc b, add + r 

T6 + f. Thisa. =rf 
0? 6 + c = </. Then f t. 
X b r=z rf — c 

X = — ' == 23 -4«/. 



I 

PROBLEM II. 

Wiat nu/nber is that, to which if I add 24, then from 
that fum fvbtra^ S, and multiply the remainder by by th^ 
product will be S20 9 

Numerical Solution. 

Put I 1 M for the number^ then 

2 « + 24, then — 8, 

3 AT + 24 — 8 ; this X 5, is 

4 5 * + 120 — 40. Then Q. 

5 5x + 120-^40=:320. Byf40 

6 5 or 4. 120 = 320 + 40. Then (p 120 

7 5 iw = 360 — 120 = 24a. ThereYore 



8 



240 ,« . ^ 
o 



Put 



lateral Solution. 

Let 6 = 24, c = 8, </ = 5, /= 320# 

1 ir as before * 

2 ^ + ^ 

3 a* 4- ^ — c* This X d 

4 (/a? 4. d&.— <2e. Whence Q« 

5 </x 4. db-^dc^rzf. 

6 dx j^ db =/ + dc 

7 dx =/ + rfc — bd 

8 U=/+&-M_^^ 



jd^Bttt 
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0:> But it b to be noted, that allfuch like queflions as 
this may be performed both (Sorter and eafier, by working 
only with the diffefence of the numbers, and not the nm^ 
bers therofelves. Thus, you are defired in the problem to 
add 24, then fubtrad 8. Now it is evident that 24'— 8 
= l6' ; therefore if you work only wiA l6, by adding it 
to the unknown quantity, it mufl be the fante as i6 add 24 
and fubtrad 8. So that the problem may be' read thus : 

PROBLEM II. IN OTHER WORDS. 

What number is that, to -which ij I add iSfOndtnultij^ 
that/van by 5, the pruduH tcill be 320 ? 

Numencal Solution: 
Pat 1 x^ before, then + l6, # 

2 «r + 16. This X 5 

3 5 ^ + 80. Whence Q. - - 

4 5 X + 80 = 320. Then f 80 

5 5 X = 320 -^ 80 = 240. Then 

240 
X = — :: — =: 48> as before. 



11 



literal Solution, 
Let 6=: l6, /= 320, d = 5» 



K 



.2 
3 
4 
5 



X ^b. This X d 
xd 4. bd Q. 
xd 4- ^d z=zf 
xd z=zf — bd 
f-hd 



K 



48, as before. 



Tyr. This is muchftiorter and better, indeed, as yotf 
obferve, and I begm to under (land fomething of the literal 
operation as well as the numerical ; but I muft needs fay I 
like the numerical beft ; I think it is the plained for 
learners. 

Phi. Moft are apt to &y fo, indeed; but when once 
the other way is known, you will like that as well ; and to 
be fure it is the (horter of the two, but 1 will not fay the 
eafier. However, I will perfoim all the problems nume- 

lically* 
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tUc you to read over every queftion; at loift trnW 9f 4iric)e« - 
tluu yott: t6zf underfttnd. the nature of:it tJbebeljter.;'*fer 
when OQcei you.have a true Md juft idea of theiqiilQlt and 
meaoing of it, you may befaid to have half done it.'^ 

Sc^ AkxQntkr to Epkrfiiony, f am^c^trthanyiulftwo 
^torjp. C/rfW hearing it\/aut, 'f fcrcw / M-Mertkan . 

l^ifig prejhvt^ find; t rtrkciiiikeh rXigCe^hiaM \niy father ^ 
who is now nmety-Jix years ^ Jay that he is as old as you' 
aU. I demand^ then, the ages of^Akxc^dery Clitusj and 
ifhefiion f ' '" , ■ ; 

Numericd Solution. \", ' 
Put 1 ( * Epheftioii^ then'wiH 

2 * + 2 1^ Alexaader's. .Th<;^ + 4 

3 11 w +6 Clitus. Thcfe added' • * ' ' 

4 ]!• « + 8 their fum; wheDce,€L r- 

5 4x'+8 = 96. Then ^8 

6 4 X + 96 — 8 = 88. .Therefore 
88 



8 
9 



« = ~ =2 22 EphelKon's ag^ 

« fiz. (22 4- 2 = 24 Alexandet's 
xx -|- 6r= 50 Clitns'8.(o^ 



1 
2 
3 

4 
5 

6 

r 

8 

9 



literal Solvthn^ 
Let 6 == 2, <? = 4,/=s 96. 
» EphefHon's, 
X 4- b Alexander's, 
2x + b + d CKtus's, 
4 AT 4. 2 b -^rd fum. Then Q. 
4 * + 2 6 =/. Then 9 2 6 + d 
Ax=/'^2b—d 

X =3-^^ZLiizi. 33 22 l^OieftioD's^ 

4 
jc Hr & =2 24 Alexander's, 
2 » + 6 -i- d =3 50 Clitus's. 



M 



Tyr. 



]t9^ 
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Tn. liiffiktfjktnfl botwliy do yoa begin vndxEpbeC: 
tkMl father than AloxMider > 

Phi. It wonld hare been the ftme had I began vMt* 
Ahnandec^ age i only then tht 2d Aep would have heenr 
« --- 2 fer EphcAiM, aiidthe3dflBp2« — 2-l^4;aad. 
fo it would bate occafionad more work ; but now they are 
a)l aflbwatif ew ' -*. ? 

Tye. I am lkiified» and bflgm to fee a little mor^ into 
it. 

Phu There ia no ftat of jroor nnd^rftanding it. if jm.\ 
mind. 

^ROBLtM IT. 

Tkret perfint. A, B, andC, trttde and gain 3000£; tht 
Jhare of h U to he hut half 4ktjkart of B ; and thejhan 
of B one third the' Jhare qf C : I demand eacfi, moaV 
Jhare f i 

Now, to avoid firaAions, I begin with A firft; f^rif I 

put X for B, then A muft be — and C 3 x. Thereifore 



Put 



1 
2 
3 
4 
5 



7 

8 

9 



Numerical Solution. 
X for A,- tf^en b 
2 xVs (hare, and 
6xC'%(km. Thefeaddadmake^ 
9 j: their fum. Whence H. 
9x=S0O0£, Therefore 

X ^=s £. — . — = 533;£'.' 6x. 8rf. A, 

And by the 2d (lep, 666^. ISs. 4d. B» 
And by the third 2000 C» , 
Their fum » 9000. 



LUeral Solution. ^ 

I As X is put for A, and the other is double and trebb, 
the firflAui fleps will be the iame.aitbe numericaL 
Now let 
brs^£. 3000 
9*85:6 \ • 

|6| 



» y 




tlix = 666i> 

8 6x = 2000 

9 Sura =! ^ 3000 as before* 
£)oyou onderftand thefe ojperadons ? 

Tyr. The literal part lam not at prefent (a much «;• 
qaainted with, but the numeiical appears jquite pl^n^nd eafy 
to me* I heartily wifh Novitius was here : j^e^vfM^^.lo 
pkafed to fee fome of thoie queiUoos which puzzle him^d^ 
monftrated in fo eafy a manner. ' i 

Phi. There is a young Gentleman now qcmuog up the ^ 
walk. 

Tyr. Perhaps it is he — It is fo — I will go to thedoofn 
for I know he is quite baflrftil. - j 

Phi. Stay — give me leave, Tyrooculus v it wiil^iokj 
better in me, and he will take it kinder at my Imdsl . , ; i 

Not. Your huibble fervant, Philohalthcs : pray»'$ IV-* 
nmcalos here ? 

Phi. He is ; pray come in, Novhfus; 

Nov. Sir ^Friend Tyrunculus, how fere fbdi 

Tyr. I am a little vexed with you for flaying. 

Nov. I aik Philomathes's pardon in pa^cular; I ina 
unexpedtedly prevented by an acquaintance. 

Phi. Well, Novitius, we will not ufe fuperfluous cere«* 
monies at this lime : pray fit down ; I ani ffsd to fee ybuv' 

Nov. Sir, I thank you. 

Phi. Your friend Tyrunculu^ was laying you had fome 
quefUons to afk me that had puzzled you pnetty much ; 
pray, what are they i 

Nov. Only fome few of Mr* Cocker's and De Billy's ;' 
for ieveral of them are fo cpntradled in the work, that I can* 
not underiland them. 

Phi. To do juftica to the firft author, I know not a 
pretder piece for learners on the firft four rules of Algebra ; 
bat I confefs he is a little dark in fome of the operations.— 
Come, I have him by m^ and pray do you look out thofe 

G 2 quellions 
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queftions that puzde yoa moft, and we will work then 
more plainly to your underflanding. . 

Nov. Pieafe, then, to begin with his fifth ^eftiou. 

Pht. There are fiii^ons cnncenied in that, therefore I 
think we had better begin with the more eafy ones firft) and 
take the harder as the3r come in com^* 

Not. It is tmc ; do fo, if. you pleafe. 

Phi. OUerre* dien. 

• - • PROBLiM T. — Cocker's 8th queftion. 

A lahmtrtr rtodoed 2/. 8«. for threfhing 6o auarters of 
coTHj riz. wheat and barley ; for the uheat n^ rcceittd 
12 pence a quarter ^ and for the barley fiX'pence. H(m 
many quarttr$ did he threjh of each ^ 

Numerical Solution, 

1 For the quarters of wheat put jt, 

2 'Then as both together are but 60^ the barley muft be 
j50 — *• 

Now X quarters of wheat, at \2d, a quarter, is .12 '» 

Arfd- 6o -^ « qiiarters of barley, at 6d, is 3C0 -— 6 i. . 

Theie two are equal Q. to 48/. or 5i76 pence ; 

whence 12 * + 36*0 — 6 * = 576* 

Then f 360, + i2— 6 ;*= 676 — 360; 

. That IS, 6x= 576 — S6o = 216. 

216 
Therefore x = — ^ = 36 quarters of wheat* 

10 
9 And by 2d (lep 60 — x, or 60 — 36 s 24 tilt baiw 
ley. 

Literal Solution. 
Jjtt h = 576 pence, c = 60, d = 12, / =s 6 pence. 



3 

5 

6 
7 

« 

8 



1 

:2 
3 



X wheat 

c — X barley. Then xy^ dh 



dx for the wheat, andy X c — fx is 



• Thofe poblcnis that htvc ui ailerifk bef(dit them ire infefted Bf 
the defiie ot feveral yoking al|rebraift8, who wcnttd a pbiner and eafer 
deoionOration than inthe original ; and tofuch as are nnacqoatnted with 
either of the authors, they will be equally ferriceable as if tbej wext 
new ones. 

1*1 



t4 
5 

6 
7 

8 



AL6BBRAIC PROBttMS. ^ 1^^ 

f^ "^/* ^^^ ^'^ barley. Whence Qr , i 

<^ + J^ — :/* = by or ^76 pence. Then 
dx —fx s= ^ — ./c. Theiefore . ! * : ! 

j?=— 4: ; thatu.«=:— ; ^=:36as 

a—;/ -> 12— o . 

above wheat ; ' • ' ' " . 

And c === a?, or 60 — 36 = 24, the barley. ; 

PROOF. 

36 quarters, at 1^. =: 36^. 
24 quarters, at 6ef* = 12f« 

Nov. I undcrftand it quite well. j 

Tyr* So do I, both the ways. r.^ .. i \ s 

Phi. I ihall not write againft thelitieirald^Xmorii^t 
leave you to compare it with the nunlerical wbrk; « - * 

* PROBLEM VI. — Cocker's 10th queltioo. 

A gentleman hired afervtSntfor 40 da^ upon thu eondi' 

tkny that every day he tslroughi he «w to receive 20 pence, 

and for ecery day he-was idle^ and did not worky he was to pay 

. 8 pence. Now at the end of the time he receked I5s. 4^. 

How many days did he work, and how many was he idle f 

Numerical SohUif^* ^ 

For the days he wrought put m; ^ 

Then will what he'played be 40-rX* 

Now X days wrought, at 20d. k'^day, is 20 x; * , ' ; 

And 40 — 'x played, at 8rf. acJay, is 320-^^?.* ' 
Subtract the 4th ilep from i&iitSd ftep, it is 

20 X— 320 + 8*. ' ' . > ' • .' I > I 

This being his due, ii (O.) =± 15». 4d ^ ! t 

Whence 20 x— 320 + S ar = 184^.^ ' ' ; 

Thatis, 28a? — 320= 184, J 

I 8|Thatis> 28x=: 184 +320 = 504. * ■ i 

G3 \H 



1 

2 
3 
4 
5 



^ .AMiJiUlUIC f9LQ9hZUi» 



9 
110 



Tl^crifiirc j = ^ s= 18 days ^i|/: 
Andby^d ftep, 40~xc= 22idle. 



^ ... Uttrak Solution. 

Let 6 — 40, c = 20, d c= 8, wd /sss 184 Ptncif, 
V12. 15*. 4W. . 






1 


j: days wrousht* 






2 


b^9 






3 


ex 






4 


c/A— </jr. Whence 






5 


CO?— rf6 + (ftcs=/ 






6 
7 


«= ^^-^^ 18, as Wort ^ 






* 
8 








rROOF« 




■ 


£' 


^« 


<f. 


18 ^lff> at aoi. » ^5 1 


10 





■ 


SSidk^ tt &^ a day 


14 


8 



Dttff^Iaao 15 4 

' * PKOBLKH vji.— rCocker's 6th queftioo. 
3Vo perfonsy A and B, Mtf5 difcowrfed of their money : 
Jaya AtoB, gke n^ 3 crovmi^ and IJhaM have as many qs 
jfoii; mdj^sBta/ii^giceme^^vour^andl ft 
6 tim^ 0f rf^amf oi^, I ^cntaniihe number each had f 

1 I For the No. A had atficfi pat «, 

2 Thecl biy Si's ^fiQg hioi 3, he viU hare 4r -f- 3 ; 

3 Aj^ 911 tbb 9akes S's equal, B will alfo have 

I 4 1 And tWeiore toofequeatly 9 h«^ at fidl X 4* ^> 



►♦^ 



AtexMAu: ^kOBLinu* 



1^7 



5 
6 

7 

8 
9 

n 

12 



Aodif A bad given ixira a» Jbe ,WOuldi ih^ hxft 

And by, tbe fiune tesJBcax A would haveluui but 

X — 3. *i , 

Now B (£l.) (hoold have 5 timet this SBmber^'tiZk 

5jp — 15 ; 
Whence this £quanon» 5x — 15 sss x -f- 9* 
Thenf 4raiid'*-'i5,kwilLbe5j(-^«s9+ 15t 

Therefore xtstt^ss 6 A*i; ^ 

And by the 4th ftep « ^ 6 d«8 12 Jra» 



[...: 



Let e =s 3 aoim Imubj totHfiAg 



1 


a? tor A, ,o .: . 


2. 




3 


a: 4.*r,^- • ■••■ -» - * 


4 


0? 4- ^^» 


5 


ar+3e, *-; ' 


6 


a? — e, 


7 


5^-^5r, 


8 


5 X «- 5 e;:^: jr .f 3 €^ 


9 


5x — a? s3e-f 5^ 


10 


4x = 8e 


11 


xs-7X3 6tA'»; 

4? 


12 


x4.2c,=il2, fiV 




noop« 




A 64-3= 9^ 




B 12 — 3 = 9> bot 




A 6 — 3=3, and 




B 12rJ-3 = 15 = 3X5 



i 



Not. I am perfedly fatisfied, it is done fo plam, andtb» 
fleps aze built upoa nalbti itielf. 

G4 PnU 



k 
1 



Phi. 'It is uponitafeii itfelf that Algetet-d^^eodi ; aqd 
a qiie(bon kid down in a good and cl^r Bght 'is the 
learnet^s chief gm'dei But now for ibme that require frac- 
tions, fpr I fuppofe van underii^od them ? 
' NyT/ Yes; 1 thn* I do pretty weD. : \ • 

Phi. Here follows, then. ' 



/ • 



• pROBLiir Till.— <^ker*s -Sthi * 
There is a^fijh vkqfe head is gj^ckrs hmg, md his tmt is 
as long a$ his kead^ aad kaifasimg as his hodi/ ; and Ms 
bod^ is as long as his iau and his head: I demskd^thi 
Vihok length (^Oe^ffkf ^ . .' .:.,.; 

Numerical Solutjm* 
l|i;ortbclen^ofhi«.)^;^> .-..* - 

i Then wUl his tail be ^ + 9f 

3 And his body ihoald be as long M .)us tafl .aad 

head,viz.| + 9+9, 

Whence (Q.) this Equation » =: <» 1^ 18 1 j 
5 I This X denominator t,n^Kz=sx ^ 3(J. 

7 That is, X = 36 his body, M- - { 



S 



And by 2d flcp,^ + 9 =-57 his tafl ; 



\ 



9 To which add 9, his head, • 
10 I Their fum is 72, his len^h. 

Literal Solution. 



I ' 



Let fc = 9- 


1 


X, 


2 


i+23. 


3 


1+2^ 



4« 



J*l 



ABOIMAXC MKOBI.1tMS»\ IS^ 



I 



5 
6 
7 

8 



r 



X =: 4 & =s 36> body. ( 






k ' 



PROBLEM IX. — His 12th queftion. 

One q/ked ajhepkerd ikk'j^rke ofikm *\0OJkeip. Now, n^ 

pHed Ikf if I had as many mortj and kaff'as snat^ i^^t 

and Jeoenjheep widra ka^^ IJkauld (hen AosrlOO. Idj^ 

mand tke mtmber he iadf . . ; * \ 

NumeAcal'SoitUum, • "">■'.'■ "^ 



1 

it 

3 
4 

5 



7 
8 



. •\ 






X far the oumber, then 

2x as many morey and ' 

T ' • ' '- 4- ' . . I . . •» : r ( 

— IS halfas many more and ^ 

7|. Theft four flieiw addied " 

* ■ , ' • - . - . 

2i + I + 7 f WhenceXa.) ' ! j 

2a? + i + 7f =100.. Thisredu^cii I j 

4,x+x^l5 = 200. Then V 15, 
5* = 200— 15=485. Tl)er€foro 

*=:-r- = 37 -4»/. 



1 



. '. -■ 



5 

lAteral Solution* 
Let6 = 7i,c = lO0. 
lU, 

2 *, 
2 

3 -J 
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l» 



7 
8 



5 « = 2c— 2*, 

2c— 2* ^ ^ . 



1 

2 
3 



~ ■ T ' •• • • 

to teU him ingtmtoufy tohai kegairtei Ay i#.; io4o. 4ii/liei^ J 
gmjufipart qfttiiU. U€qflm:M liis denumded ukai tt€ 
ebakcq^tAe/aie/mmif 

Numtrkal So htim . 
For what the cloak cpft the falefintfi pot jv ; 

X 

Then his ^un or profit will be -^^ 
TheTe adde^ axe equal to wjiat hs fold it for, 
«-l — 

Therefore (ttO 0? +4 =r^70#. 

5 This redueedy 4 jr 4- *a^sss 280 ; 

6 That is, 5 x= 280. 

Therefore x =: --r— = 5&. -<^i|/I 

. . ^ 

Literal Solutwnm 
Let ess 70. 
1 Jr, 
or 

|3? 



A.-., 



;• • -I 



3 


■*h 


■ 


X 


4 


• 


5 


4jp,^.4:»4<i 


6 


5r£=s4e; 


' 


4e 


7 


« = -- =;5oasbeibrak 

• 


VROaF. 


(!:«fthim !X$^ 




Gained i ss 14*. 



. . ^ . > 



Sun ssr 70if. it ibklftft. 

* FKeiLEii. xi.-^His ndi queftkuu 
Aperfon in the afternoon being q/ked tMi a thdk d* 
masy anftoeredy that i of the time pq/tfrom noon wasequilf 
to i of the time to nudnight. Now^ allovmg tHouh to» 
the day J and beginning to^ reckon from noon^ I detnand vdu0 
hour it was when the que/Hon xoas qfited f 

Numerical Solution^ , 
I 4 I F or the hours fought from n6oo piit »f 
12 ^iieo\«Hl.dMtiBKtamidBightbe'l2^-4«^ I 

Now f of jc is — -> 

4 Andfofl2;-^aii«^=^ 

5 Thefe (ft.) are eqaaL Wheoce — •^'^^ 

6 Tht9Tedttoed» nz* firft dennmimtor 5> is 
3jess 

7 Then this X the deaomiaater 8 will Be 24 ;r.. 
= 300 — - 25 ar 

a t ThtD^ •« 25 J^it is 24ar>K' 25 xx5:30e^ 



1/ 



15t AU9lil»Al€ » tOVLBIM^ * 

9 That is, 49x2= 300. / . - 

10 ITicrefofc x = — =6 — 

49 49 - ^ 

11 Andbythc2dftepi2— *=5^ . ' " ' ; 
So that it was ^ pafi 6» thae ii>ri2(/* if pdt 6« 

PROOF. • :,- , . . ! 

H. in. fl [ 

. 6 ^=:6 7 20 ^ 
5 H = ^ ^2 39 ^ 

- — ] -T — 

Sura =12 hours. 

literal SolmiUm. 

3 5 

Let ^ =: -j-f^c = ^} and 1/=: 12. 



5' 8 



1 
2 
3 

■4 
5 
6 



N 



«'as abofe, 

ii| ■ ' ' 

br==cd^^Xy 

bx'^cxsacdi _ 

or 6' ^ as before. 

_ ov; This is plain, upon my word, and I perceive 6 -^ 
is the fame anfwer as Mr. Cocker's ; but Km I never could 
know, nor do I yet rightly apprehend, from whence this 
-^.proceeds, and therefore I never could make the anfwer 
chime in with his. 

Phi. I mufl-:own that a man had need to underfiand 
fra6^ions quite perfe<5Vly to find fuch things out to his own 
faiisfa^on, for it is not every learner can do it. Obferve, 
then, the anfwer is x == -j- X 12 -J- f +4? Now ■§- X ^ 
r= y. And •?• + |- bHng reduced to ai common denomi* 

sator^ and added> their fwa will be fS^ and |fX^^^ ^^ H) ^7 

which 




lore tne fiour t6 mfdoignt 6 |f^ £= d ff 

Tyr. Tbere^ Noyitius^ is thatplajn)] 
not ? ,. . 

Not . Gma pbin* itnleed LoAai jooiif o£hik>naib«s> J 
^IJl.afk you to work the 6th qui^ftipn, and no more; f#r 
w5th (tep4"coiOdiietef aj^'rd^uii If los'^^ozzled n^e 
many a time. .^ 8> . , ^>'. I ; 

Phi. I moil confefs I was a IdngnSme in finding lit o^ 
myfelf ; and though thr£inie qoemdhUiarnii'iMr. Ward's, 
it did not anfwer vSf exfeAsAcim i forii -fe^od it oat by 
Mr. Cocker's method at Im, * j ^ .= x (^ j I j 

Nov. jBut then he abbreviates his numbers and frafAions» 
and ^iWes-no f^Llbiiy and th]s:pal8 thrJelktoMF- tjb a Hop.* /. 

Phi. It is true, he do^^ lb. Well, Novitius, all I can 
fay it| I i^iU w<}rk:t}ie |aix^ <^M#iqn munerifcaUyy and leave 
you to judge Vhich of tHe three ways are th^ eafiefl to be 
undofiood, fupppfipg yoik had tb<un now alL^Mforeyou. . 

* paoBLEM XII. — Cocker^s 6th aod Ward's 3lft queftion. 

A father lying aftfid point of ddUk, left his three fonsy A, 
%9 Ofid C, hs efiateas folkim; To' A he gave ^ xt^mt- 
wg 44;^.; to B he gc^ ^, 'a4dl4£. o/ctr ;:md to Cke 
gave the remainder ^ which was S9£. Itfs than thejhare of 
B. I demand the fathei^s eftate in rediy money f ' "' 

• Numerical SobUion/ 
For the cftateput*; ' ; » 



1 
2 



4 
5 



Then will A*8 legacy be — -^- 44, 

.... I . 

And B's willbe a? i + 14, . " ' 

And fc's being 82 Ids, is | + 14 — 82. 

Thefe fra^ons being firil reduced te a common deno« 



21 » 
>t tne wboie is 

* See the Pxeiaoe. 



mioatori and added, the liim of the whole is — -« 

18 



\6l 



t5# 



6 
7 



8 
10 



ot ^W^ .135. This (Q.) ttpai ft) Ae 

Whefi«eAii.efaatioi^+!26— Uf ■£«• 
Now ^ -^ 1!^ beii«^the &iDf «s — 9S» it mEbt 

Thbiediiootif^tf^-— 5a9 3s64i. ^ 

Thcftftg^, ao45Aa» H will be 7 «~ 6 « k 58a» 
That k, x= 588 eftate. 



> •• <.i 



A', flure S -^4*«250« ^ - 4* b, 3d ft^ 
B't f -^ U:£b'91<»s:^ 4- 14 hy 3d Hep 



Cf82;f.lcf8tBan*==T28 = ^ + M — 85? by 4tli ftep, 

3 



« # 



588 Tie eitate. 
^ Nov. Ihtaniljf tbaii]cyoa» kaod Phiiomathes t theo» I 
ferceive that Mc« Cdckinr*! 5th ft^sp before abbreriatton wu 

-■ ■ + a c — b-^ a. 
18 . .; 

Phi. You are rigbt^ and one wx>u1d tbink a learner 

might eafily perceiVe it, if he would be diligent. 

Nov. I ou know> Sir, a fmall matter turns tbe learner 

fuite out of his dired path. I have now with me James 
)e Billy's Algebra ; but k is wrought in fb odd a manner,, 
that I cannot mtike out any thing by it. I coald wiih y9ii 
would V70rk fome of his queftions numerically. 
Phi. Which wo\iId you have me begin wiUk i 
Nov. His 2d queftion^ if you pleafe. 



* PROBLVM 




1 



/ 



3 



•4 
5 

6 
7 



8 



J kare is 100 i/ards dtftmtfrom. a iogy ^adJf^hJtifrtwf 
together y the dog ran U 4 ^i^es fajjttr tkcm ike hari. It 
it demanded hwo f<» tk^Jiart wU htu rm hefi>retl^ dcf 
overtakes her f ' 

Nnmericid SobUiim. j 

~I For the yaid& the hare'ran jpiit 4r« . ^ 
2 Then will the dog when he ovfit^k^ her; hai|e rnk 
100 + or. V - 

Now» becaufehe ran 2 ^ times MetthlMl tks IvirQ, 
take any two n^n^b^rs btaring ue like prppt rtioiiy 
as 5 and 2, then 

Sr the Rule of ^hree,' a? 5 : 2 ; : 100 +« : k 
altiplyifig Baeaos and e2treme3f 5 x =3> 200)4- 2^. 
Theof 2dP» ^ - ., ' 5i;-^.2ar=(=2O0 
Thatia, - -«: - 3a:=j=20i> 

Therefore ^ = — — -=t:66|^ 

3 

And by 2d fiept 100 + x = l66f» 

So that the hare ran 661^ yards, and the dog l66 f« 

* PBOBLEM xiY.-^His llthquefiion. 

^certain man agreed vnthhis fervant:, for l^moniksjir'* 

tice^' togive him iO crovms and anewcoat; 7mt dlfagretr 

ing, heat the end offeoen months gvoes him thg coei and 

two crowns; I demand the value of' the coat ? 

Numerical Sdutuau 
For the value of the coat put x., 
The& will this and 10 crowns be bis year's wag«% 

a? + 10. 
Now to find on^mon^hV wages, fay 

As 12 : 0? + 10 ; : 1 : ^ "^ ^^ 

And becaufe h^ ba4 2 crowns a^ th^. Goa^ for 7 
months, fay < 

K » • ^ ^ x + 2 \ 

As 7 : « + 2 : : 1 : < ■ ... ♦ 

7 I I 



1 

2 






ilLGMmitO ' moftLlM. - K 



8 

r 

lb 



one monthVwagesy oi^'eqtat, 

. Whence ti£ = .JL+il i. 

7 12 

TWt X the deiioimoktor.7, is « + 2 
_ y J+70 

~ 12 ' ' '■ 

This X 12, the other denoiniiiator, 12 Jr 4^ 24^ 
• Ir«4-70^ then ^7«aiul24 1 

12a: — 7j? = 70 — 24, that is . . ' ! 4 






46 



Therefore x = — = 9 -J- CrowM 

So that the value of the coat was 9 ^ crowpft or 

46fliinitigSy whichy addit^ 2 crowns, is 56 AiiUii^ 

tinit be had for his 7 tnonth's fervice'; acfd^^ tft 

^year's fervice, had he ftaid, x + lOcrowiis b^ 2fl 

Hep, viz. 96 fhilliogs. ~~ ! 

* PROBLEM xy.— His 16th queftion.. 
A man having a certain number of crowns about ilwni 4^"^ 
ed a Jtander-by to guess at them, who /aid, you hcpce oOO, 
perhiops, No^ fays he; but if to what I have Mere 
added ^^ f, and ^y and from what I have were fubtra&ed -^^ 
J Jhould then hate 6OO. / demand the number he had 
about him ? 

Note, As in problem 2, fo here alfo make th« fub- 

tradlion firft, and work with the difference only. Thus 
'I' T> it i^educed to a common denominator, will be |4, 
or 1 -^ =s. 1 -2^ ; from which take •^, there remains 1 
whole integer. So that fuppofing I were to put or for the 
number, then -l-i h &nd ^ added, and -^ taken from it, x 
will be the difiEerence ; therefore 2 j? = 600, and x :=: 300 
the number. But fee the whole as follows : 



1 

2 



For the number (ought put x, 

TheDiif=:lifthati8, 
2,3,4, 24» ' 



x+ — asWore. 
I 3 I 
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3. 

4 

5 
€ 



' . ". . . 

-^ • ■' ■ x • • ' 

From which ^e ^, rt;rr ■ — 

There remains ^nly 2 >. Wflfcntee (CI.) 2x = 600« 
And therefore x-dss 300 v^n/I • 




2 
3 



.• 

\ 



queflion 

mc. - .'i. ■ ■ ■ I • 

*PR0BL|9P fl;fii^*>tHi8 7th quefiion. 
A certain perfon bought n nw/^KT of elis of ^dvet^ rvhich 

I demand hajbHidn^ 

Numerical Solution. i 

1 For A^ number puj X. ' ' , I 

Then» if 5 cUs be 7 croWto, ,what w'dl a? be -— 

Then if 7 ells. i>e fold for 11 1 crowns^ what will 'x 

fetchx ' '"^ ' ■ ^ -*' - p;. - ..» 

» ■>"■ .\ \ » '• ' "it' 'i; O X 

Thediffef^p^^^j^efeihewshisgaw — * . 

,This (a.) ;^,100 crownj* Whence — • sb lOa 
This reiJucedffa:*= 3500. , * . 

Therefore a? = = 583 4-. 

&> that the numbei^*wa!s ^^ \ dls boaght an^ b\^i 

* The fractioni —- tand — ^uefirft xeduced to a cominoa df • 

; 6 . » ;? • . ■ • < • 

aominator, tjid tbenthe dUbith^ ^ou wiU fiod it ^ 

1 ' ^ ^It00f» 



1 

2 
3 
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- I-RPOF. * ' ' ■ ' U 

Tf 5 ells be 7 crowni, yhat is 58S ^f * An/. 8l6 i Or. 
If 7 ells be 11 crowns, what is 583 J An f.giG^ Cr. 

He gained 100 « Cr. 
froble:'ic zTit* ^ 
TAere are two manbcn tohqfefim i$ S40« 0Md the greater 
hoi the fame proportum to the l^s as 7 to 3. I demand 
tktnmkeHf 

Numerical Soktitm. 
For llie mater |mt x» ' ■ 

Then will the leTs be 240 -*» jr. 
Thef^ (Q.) hav€ this praportiofft 

ts 7.: 3 : : X : 340 -* ^ 
Then smltinlytng meansiafid calMM9» 

3 4rspil06O«*w7ar* 
T66n^-^7«>itMft«-f7ir9l£66^ ; 

Thatis, 10 4;in^l68m 

Therefore « =s •— — =: l68 G. number. 

10 , 

Andbjr 2d ftep 240— x= 72 L. number. 

• piioBi/EM xnii.- 
A certain toper went to an alehonfe^and borrewed as mu4h 
m^y as lie had about hm^'^out of which hiefpent afhi' 
Hng ; thei^ he went . t,o a Std, aifinp^fe. and borrowed 4* 
much as he had then iimutMmy nriSJfpeni nJhiUing ; and 
in like manner he went to a 3d and ^th alehoufey borrovh 
mg as much as he had i^ at the former y and fpent a 
fhiUing ; but after he had fpmt availing at the 4** «*- 
houfet he had nothing l^. It is demanded what he hadjiijji 
about himf .* ;. . j 

Numerical Solution. 

Forwhathe&'ftli^dpiut/jv . . ! 

Then by borrowing as much as he had 2 Xf 

And whenhe had ^t 12 p»nce, had 2 « — 12- 

Then by borrowing the fdine, had 4 a? — 24, 

And by fpeiuHng 12 pepce, had 4 J? — 36 ; • 

Then, by borrowing the fame, had 8 a? — 72, 

. |7| 
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6 

7 
8 
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7 

8 

9 

10 



12 



And by fpeoding 12 pence, bad 8 ar — 84* 
Then by borrowing the fame, had l6 ir— 1689 
Then by fpemUng 12 pence, had left 1^^ -^ ISO, 
Tha( isy had oothing left. Whence (Q*) 169"^ 

180 = 0, ' 
That is, 16 X == l$0. * 

Therefore 4P= — ^, =ll(f. 4. 

So that he hadatfirft 11 icU 

•problem XIX. 

One being afked how old he was, anfwered thas : 
If to the number of my age you add . / 

Tke orm Ji0 of three fourths, and 14 tmfrt, 
The nunier 5S will then be Iiad: 

Wktt ismjf age in years abcSDe afidre^ 
JfoU. As tfae.^ftion (ays, if yoM add UtOtik %gfii\t 
will make 5S ; fo^ amfequently, without aAKng^the. 14, (t 
will be 44 ; thcvefim^ working: wsfeh 44, .i»idifi«t iwldirig 14f 
will ba better than ta work with 58 and 14 tPg«Aer« u 
you may eUcrva ia Ptsoblem 8d. 

NumerkiU ^olfttum* 
For his agej^oTj 

Then by a^idti^ i^ h thatis^f, itiss|p4- ^ 

This (a.)=3 44. Whence » + -^== ^ 

9 

This reduced 8 or + 3 x e& 352. 

That is, 11 « SB 352. 



1 
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6 



Therefore « =5— — •= 32. 

So that his age was 32, 12 above a fcore* 



PROBLEM XX. 

A citizen riding his rounds to receroe money due to km, 
came to a place in which he had three debtors, A, B, add 
C i but when he came to examnen he found he had loft 
his pocket4ook; in which was each man's fiparate bUi. 

Then 






IM AtaiBftAlG VtOBLBliS* 

Tken fendmg for ihm all to an tnn, he tdls them the ad* 
cident ; hut thejf pretended' they did not know what iww 
due to him^ having kfi the bills that came with the far^ 
tefsr The gentleman, thinking he had got fame jUppery 
chaps to deal with, endeavoured all he could to fare himr 
Jelf' the trouble of another journey^ and this he did from, 
the following data : he remembered very well that A'« and 
B's debt together made \S£. 10*. ; and A's andCs debt 
together S\£. 10*.; and We andCs together made 37 £• 
10*. It is demanded what each man*s particular debt 
was f 

For A*s debt put x ; 

Tb^n a»:A't and B'l together ii ^Oi. B*t u 270 

— Xf '• ' " 

Then ib A's and C's is 6SOs. Cs alone is 630 — x. 
Now (Q.) B*8 and Cs ihould be 750x. botis 900 

Whence this equation 750 =;900 — 2 j;* 
By ♦ 2 ar, - 750 + 2 « = 900. 

And ^750, - - 2 « = 900— 750, 

That is, 2x=r 15a 

150 * 
Therefore x = = 75s. A's. 

JO And by 2d ftep, 270 — » = 195, B*s. 
1 1 And by 3d ftep, 630 — a: = 555, C'». 

*" - £' ^' 

So that A's debt was 3 15 

B's .. g 15 
C's - 27 15 

^PROBLEM XXI* 

• - _ • 

A highwayman robbed a gentleman of a certain Jinn if 
money i but being feen by 3 men^ A> B, and C, they pur-' 
Jued and took him ; but he promijed to make them a handr 
fome prcfcnt if they would let him go; to which they 
agreed, . TV. A he gave ^^ and A returxicd Jam back 6£. 
* • ■ to 
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to B ^ of what was left^ who returned hm ^£, ; and 
to C he gave \ of what he had then kft^who return- 
ed him 2£, jind after he had rode qg^^ ofidcame to teU 
his money y he fowid he had given ^ of it away. I demand 
thejum he took from the gentleman f 

Numerical Solution, 
For what he took in pounds* pat «f \ 

Then by givhig|., he had the feme left- 

And by A >s returning him 6, he had- + 6 

<* 

This he gave B |" of, viz ^ + 2> 

And conieqaently had himfelf f, viz. -7- + 4, or. 

And by B's retamxng 4, had - + 8. 

; • gf .. . ■ < 

This he gave C i-of, viz. -^ + 2 

. 12 . ^ I 

And confeqnently had in hand ^1 viz. -~ + '6, 

And by C's retumincr 2, had + 8, or a + r. "^ 

12 . 4 ' ,, 

This (QO =1 of what he ftole. Whence * =3 

3 

X 

7+8- 
4 

Then multiplying by tl^e df^poi^ijlnatpr 3, ^r = — 

4 
+ 24. . . w\ 

This X the denopsinatOr 4, 4 * = 3 ar + 96. 
Then^ 3jrit willbc4x — 30?;= 95, 
That is, ;t = ggr ^/i/ ' 

So that he ftole g6£. of which A. had 42 ; B 14> 
and C. 8;^. which together make ^£. = | ^f 961 

FROBLXM 
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I4i a»«c4aaic PRMttfiir* 

, One bemg q/M h&w mthty <Mdrm he iad Ihing^ 4Ui^^ 
ed^ three time$a$ many aehehad butted; md bang afioed ham 
many that tcoii faidy thai if the number he futd iqfi tMt 
nntitiplied by the ^ part tfxchat remained^ it wmid be equal 
to the number he had at JHt, I demand haw many he had 
t^f and haw many he had left f 

Numetical Solution, 

1 I For ithat he had lofif put x^ 

2 I 7^n will the Ihriog he 3 x^ 

3 j And con&qiiently nad mt firft 4 x. 

I 3 X X 

Now ^ of what was left is -*-— or, — 

: Thb mvhiplied by the loft, pz* x» is-— » 

This (Q..) eqials his number at firft. Whenee «— ^ 

= 4x. 
This reduced, xx = 1 2x« 
Then dividing by x, — — — x = 12, loft. 
And by 2d ftep, 3 x = 36, living. 
I 10 Their fum by 3d ftep is 4 x =£ 48, at firft. 

ynoiLEBl itxiii* 

One being q/ked haw many teeth he hady to avoid crdire^ 
anjnarjaid, that he Iiod tojt the j- part of what he then 
had ; akd being q/ked how many that wasy /aid, that if 
what he had Iqih were mult^lied into the \ (f what, he had 
lefty and the jquare of what he had loft was added t6 that 
produ&y it would be equal to the number he . had at 
jirfi. Or othefivifcy if what he had loft were multiplied by ^ 
of what he had left^ it would makemft f of the number he 
^Utdtjifi.- IdenwMlkowmiahy heiadU^fOnd hownumy 
hehadleftf 

Numerical Solution^ 

1 I For the number loft put x. 
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2 I TheO) as thofe left are 8 times as many, 8 x, 

3 j Thefetwo added make the number at firft 9 x. 



hi 



4 Now ^ of the number left b 2 *, 

5 Thb multiplied bjr thofe loft, make 2 xx ; 
' 6 To Whichmdd the icfjAtt of thofer loft, it it 2 xi j^ 

XX* . . ■ ■• , 

7 Thcfe (Q«) are equal to the number at firft. 
9 .Then dividing eadi fide by ^r, 2x -^ xs^S^ 
9 That is 3 X = 9. 

10 Therefore x =2s 3, loft, 

11 Andby2dftep» 8 Jss2='24y le& 

12 And laiy ad ftept 9 X =s dr>' «t firft* 
i Which 3^tt:nMiy prore according td the teiior ojf 

the queftion. 

PROBL-EM XXIV* 

An vjhrer put oui a ctrimnfum cf fn^ney at 5J^, per 
cent, per annum, wkkk in 16 years wanted exadly 1 1 g^folr 
of the principal it/elf. J demand what- tke principal uas f 

Numerical SvhUimL < 

1 For the principal put x, ' • ! - 

2' Then fay, if 10b be 5, what^Hxbe? Anf. -^£1 
•^ ,100, 

3. . This being 1 j^ear's btereft, l6 jesfa^* ''*"in?n' ^' ■. 

8 X ' 4 X > 'I I 

— - or — • • — » » 

10 5 I ; 

TUs ifcDuQ(Q:;).te equal t&thie^cifi^li IHs 11 
guineas, or SSTfliii^gs. Whence x:-^ 2dl = i 

5 I This 

6 Then 

7 That is, xy:'kHA^iis57£* 
So that the priBQpal ^as S7JH* 15i« which in l6 VearaL 

at five per teiit. amounts; to 46^^. 4^. which «rant( 

1 1 gttmcai.6f the prittciplA t , :. ■ . ;. j .: j 



5 ■;: ■ ^' ..V i 

lis being reduced - A'x '•— *^1 15$ ^ vVx^ 

ien94x, — «^ -— ^ — i^v-kir=«i^4'«'=:p55i 

latis, xtslM4^it=57*;fj IS/l 
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PROBLSM XXT. 

. jIn u/m*erpui oui 135£. in .2 parcels^ one iajk^ir^teof 
5 per cent, per annum, and the other at 6 per cenjt. iphick 
amomted tii 15 years time ta the principal^ itfiift ^wanting 
30^. I demand the parcel hepiUoiUai 5, amiiJht Jlorc^ 
he put out at 6 per cent ? « i ^ ' ; .• ' 

NumericaliS6lution, 
1 
2 
3 



c4 



8 

9 
MO 

11 

12 

13 



For the pared: at JS rper cent* pvA x» 

Then will diat at 6 per ceot., be l35-t-^9/ . ; : 

Then, by the Rule of Three, ooe jcai's iijterel ; 

of X at 5 pel cent, is 

. 100 

And by the &ine Tu]e» one yearns intereft of 1^5 

*. i? j^ '^ * ■81Q*--'w . w T. ' 

— « at D per <56nt. is 5 — ■ 

The lum of the intereft of both for 1 year is 
5 X 810—6* 

100 100 

Then^ becaufe there is 5 x and — 6 x, it will be 

810 — X j 

This being 1 3rear^s intereft of bot!h/l5 years will b0 
12150 -15a: i . .-• 

— « « 7': • - . 



I 



100 

This (Q^) 18 e<jtial tOiiaK — 30^ . ▼&. 105;f, 

12150— 15x 
Whence 105 =r —T-j~-— t 

This X the denominator 100, is 

10500=12150— 15 X. ^ . 

Tiiep:^.-^ 15 a?andl0500,, .' ' ! 

15 or =s.l2i5a — 10500, . ,, 

That U,154f= 1650. ' ' 

ThereforiB, * = -7 — = \\0£* . j 

And by 2d ftep, ias — ? « = 25;f * ... 



I 
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So that he i>ut oat 1X0;^. at 5, and Z5£. at 6 per 
cent, the tntereft of which m 15 years amounts to 
105^. = 135 — 30- 



MtOBLBM Xm« 

It ii required to pay lOOj^. in 100 pieces^ viz.fome tobe 
ISJkilUngf, and others 22JhilUngs and 6 pence each : I dc" 
mand haw mam/ there^mufi he of each fort f 



Nvmerical Sdidionm 

Put for the ISs, pieces ar, 

Then wiU thofe at 22^. 6d. he 100— x- 

Now X pieces, at 15^.^ or ISOd* each» is ISO x« 

And 100 — X pieces at 22<« Gd.^ or 270d* 

each, is 27000 — 270a?. 
The fum of thefe two is 27000 — 90x. 
This (Q.. ) = 100;^., or 24000(/. Whence 

24000 = 27000 — 9Qx. 
Thcn^ — 90x, 90x + 24;000 d = 27000 ; 



1 

2 
3 
4 

5 
6 

7 

8 Then f 24000, 90 x = 27000 — 24000, 

9 That is, 90 j? = 3gOO, 

10 That is, 9 or =3 300* 

rx. r 300 

11 Thereforei x = — - a 33 fy 

12 Andby2dfiep, 100 — jr = 66|« 

So that there were 33 \ pieces, at 15«k == 25/** - 
- I And 66 f pieces, at 22<. 6iL =i75£. 



PROBLEM XXTII. 

jt vintner has two veffds fvil of vsknCy equal aSke in quan* 

tiiyt but deferent in quaUty ; the worft fort is worth 240 

crownSf and the beft 300. Noa> he has another cq/k or 

veffii rf thefbmefize^ which he intends tojfiU out of thefe twOt 

ihaiywhenfitUj maybe worth 260 crowns: hawmuchqfeaA 

mufihetakcf 

H Numerical 
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Numerical Solution. 
For what he muft take of the worft fort pat ir. 
Then as both make but one vc^el, the beft will 

be 1 — X. 
Now if 1 full fcflel \k worth 240 cxfiwms, « of a. vef- 

ri • ^ u 240X 

fcl u worth — — . 

1 ** 

And by the fame rule, 1 *- x of a veflel is 
300^300 X 

1 

The fum of the numerators of the 3d and 4th flops 

is 300 — 60 x; 
This (Q.) equal to the mean price, 260 

crowns. 

Whence this equation, 260 = 300 — 60x. 

Then f 260 and — 60 x, 60 a* = 300 — 260. 

That is, • 60 jr = 40 

Then muft 6x= 4. Therefore, 

4 2 
j?=7?=-« Andby2dftep, 

6 3 / r» . 

3 



PROOF. 

So that he muft take f of the worft, and -J. of the beft fort 

If 1 veflel be worth 240 crowns, | will be worth ^ 160, 
If 1 veflel be worth 300 crowns, then | will be worth 100. 

Sum 260=:M. Price, 
PROBLEM XXTIII. 

Two men, A and B^fet out from a certain place ; the one 

goes 21 fniles in 15 hourly and S kmns ajter he Jet otlt B k' 

giris to travel, and goes at the rate of 15 miles in 9 hours, I 

demand how long it xciltbe before B iroertakes A^ and hcfw 

far theij will both have travelled ? 

Literal 
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lAt^al Solutlm: .. t , < • 
For the hours A travelled put x, 
Then will B travel x --♦.8. 
Then, if 15 houn be 21 miles, what will » be? 

IS 

* And, if 9 hours be 15 miles, x mm 8 will b« 
15 X— 120 r . 

9 • . '- 

Now, feeing that after B overtakes A, the difiaoces 
they travelled were both alike, therefore 
15«— 120 21* 



9 15 

6 I This reduced firft by 9, is 15 a? — 120 s= i^» 

This X 15, is 225 x— 1800 s=: 189 ar. 

Then f 180 a-, 225 ;w — 189 a? = 1800^ 

That is, 36 x = 1800, 

_,, . 1800 ^ , ^ 

That IS a: =±: — ^ = 50 hours, A. 

And by 2d ftep, a? — 8 = 42 hours, B. 

21 X 
Now A goes by 3d ftep — ^ that is, 

15 a:— 120 ^^ -, 
70 miles = — ^ = 70, B. 



PBOBLEM XXIX.* 

What number is that, that ^ of it more 12 is equal to f of it 

rnore 14 9 



1 

2 



For the number fought put ^, 

Then | + 12, is ^ +12. 

4 ■ 



* jSefr the Note in the Proof of Example f , in MoltiplieatioQ of 
E^uatioiu. 
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And 4 + 14, ti-^ + 14« 

Thde (Q.) iia equal 

Whence 2i + 12 = if + 14* 
4 o 

TUtieduoedfirft, it34r4-48 = ^-f56» 

That is» being again reduced 

9«4-144 = 8n + i€8. 
Then f 8 arand + 144, 9x—Sx=s 168 — 144, 
Thatis» x = l6S— 144 = 2^ A^. 

And this is preyed at large in Dial. 8, Sed. 4» £x« 5. 



PROBLEM XXX. 

JFomr Mghpaymeny A, B, C, and-Df robbed a gmtk' 
man on the roaaof ^75£. and going to an inn to part tk 
moneys wkich they had laid upon the table ^ words arqfe^ and 
eoery onefiateM up what he could ; (rfter whieK, vpon tell' 
mg each one his money, it teas faundy that, if to what A 
/notched^ were added ^£. and from Bt*s were taken 4, and 
C's multiplied by 4, and iy$ divided by 4, t^ would pKh 
duce one and the fame number (^ pounds. It is dememded 
what eachfnatched up} 

0^ Firil Suppofe A fnatcbed x pounds, then havine 4 add* 
edj it votdd be « + 4. Now fince by fubtrading 4 from B's 
bis would be equal to A's, he inuft then have x + 8 ; and 
fince by multiplying C's by 4> he would have the fame, he 

muft of courfe fnatch — + 1, which X 4^ produces x + 

4 

4 ; and as D's is to be the iame if divided by 4» he mufl 

ibatch 4 X + l6. 

Numerical Solution, 
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For what A fnatched put x« 
Then will B*s be as above 

C's 



jr +8, 
If 



r* 



t*\ 
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D's — — 44r+l6. 

t 

Thefumis — — €^ + -^+25. 

4 

This (Gt.) 19 equal to the rdbbeij. 

Whence 6ar + 4- + 25 =475. 

This reduced, 24 « + j? = lOO + IPOO. . 
Theof 100, 25ir=3 1900— 100s 1800, 

Therefore, \ jp=s ss372 A, 

Aodby2d{lep, x + SsSOB^ 

And by the 3d, ^+lp=19C, 

AQdbythe4ih, 4»4- 16=304 Df 

Sum 475. 

Tyb. ThbfisemttobeaveryhirdqueftkMUitfirilreading* 
Phi. It may be fb ; and yet in other words it may be 
cafy, fi>r it is no other than tins: What 4 numbers muft 475 
be divided into, fo that the 111 having 4 added to k* the 5Sd 
4 taken from it, the 3d multiplied by 4,^ and the 4th divided 
b}r4» may be sJl eqwd ? Whidi numbers are as befiiNre, viit 
79f 80, 19, and 304 ; which yon may prove. 

P&OBLSM XXXI. 

l\oo groArSt A md B, ammg from afmr^ weremd 
fy ttoo ^kwa^meUf wko robbed A ^ S5£. 10#. and B rf 
7£' 10#.; btU upon thnr compkamng ikai thej^ had a grtai 
many miki to ride, and nothmg to bear their eharga^ he 
thai robbed A returned km a certain Jum^ and Jo didthe 
other to B. Now after A came to teO B wkai he had Idi^ 
andBcame to tell Ay it was difcofvered that thejf had roiied 
A rf three times as much as B, and left B^rf what thej 
10 A. I denumdv}hat each was reatfy robbed rff 

Nuf^ericai Sohttion. 

1 I For what they took from B pot jr. 

2 I Tbenwill wliat they took fipom A be 9 x» 

H3 |3l 



I 



3 Now B had 7£^ 10/- or 150j^at firft, ' 
But now, 150— « left, 

4 Alfo A bad 25;^:-10x. or 5 lOx. at firtt. 
But now, — 510 — 3 :r lefti 

5 This (Q.) fliould be five times what B hadlefti 
Whence, illO — 3 a? A = 750 — 5 « B, 

6 Then^,— 5x, . 510 +.5 * — 3 jr= 730. 

7 Then(p510j 5 nc— 3*s= 750 — 510, 

8 That is, — r- '-'— 2d? = 240. 
^ rr.. r 240 ,^^ -, 

9 Therefore, x = — -- = 1 20^. B, 

10 And by the 2d ftep, 3 * = 360, A. 

So that ihey took 18;^. from A, and S^frosoi'B* 

p ROiB ]^EJH?. X X xj[f>i .': • 
A general o^ an army had a certain nvmher of^ w«% 
nxihidx he hilendedto^riate in ajquare bataUia ; but f^DfoJifH 
of them in rqnk amijikyfout^d he hadJSO men to /pan: nm% 
thmkmg to get thej'e i/T affo, he enlarged his fquart to m 
man more in rank andjihy hvd then found he tcantcd 39^^ 
tb complete' the fqvare. What nvmer qf men had ktf nt^ 
fetp manyjlood in rank anflJiU f ' 

NwnfificMl Soiutipn, 
PortheN^thatftoodinrifcDkaqdfileput*. . . 

Then will thefquare of iiijefe bq^rx. 

But having 96 to fpare, he had xa + 90. . 

Now incrcafing rank and file by 1, the fide is j? + 1* 

The fquaire of which is xx-^ ^x + U 

Froqp this take xx + 90, theie remains 2'4r — 89. 

ThI«(Cl.)'ise(iualto39. 

Whence* — 2 a: - 89 = 3flV.. 

8 Thcn^— 86, 2x = 39 + 89. 

9 That is, 2 a: = 128. 

10 Therefore, A?=64afid^ 

PROOF. 

There were 64 men in rank, and 64 in file, and 64 X 64 

= 4006, t<^'W^licb add 99,. it is 4.1.^V , J3^thadj65 men 

beta 
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been the fide of the fquare, there would have been 4225 
ni^n* which is 39 more than 4I86| Q.. £. D« 

* PROBLEM XXXIII. 

There is a vejel partly empty ^ in vMch are 20 gaU&iH 
iff wine, worth Ss. per gallon ; now if it he Jilted up xdth 
wafer, the wine and the water together will be worth 6s, a 
gallon, and ihe'iihole Worth t lie fame money as when it was 
all wine, I demand^ then, what the veJfeL holds when fully 
OTy which is the fame, how many gallons of water wUlJUl 
it up 9 

Numerical Solution, 
For what the vefTel wants ia gallons put Xi 
Now 20 gallons of wine, at 8j. is loO/, 
Now when the Tefi*el is filled up> the whole will fetdE^ 
the fame as the whole of the wine did, vizJ'lSOr. . 
Then fay, if 20 + m be l60.r. what is 1. gallon ? Ar{f. 

igo 

20 + M :■ ... 

■ This (CI.) is equal to 6^« Whence, 6 =: 



1 
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20 1 1 1 x" 
That is, — ^ 120 + 6 or ±=: l€W 

Then 9 120, ^6 « =3 16O r- 120 =40* 



7 

8 Therefore , — — «=s— ^ — =56* 

. 

So that there wanted 6 1> of water to fill it ; to whic| 

add wine 20 gallons, it is 26 \ gallons the contents^ 

N, B. The cafk mil at 6s. per gjllon, is vforth iSoH 

Then the number of gallons it contains is — rr-= 26if> 



PROOP.' £, s. 

20 gallons of wine, at 8/. = 8 

And26'|of mixt, at fix. = 80 *. 

• PROBLEM XXXiV, 

..J^etrmus (Lib.,.ix. chap. 3) iiforms tw, that King 
Hiero being obliged by vok) to make uj^.rfaxt »f a crown ^* 

H 4 pure 
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fitregM, weighing 100 lbi.^gafD€ ordersfarjkci an one to 
be made ; bftt being told that the goldfmth had Jecreied part 
^thtgoldy and put to the crown the fame we^kt rfJUveff 
nejentfor the famous jircJdmedes^ of Syrackfey to wkomhe 
recommended the difcovery of thefraud* It is demanded ha» 
jtrchimedts di/corered the cheats and haw many yntnds tf 
JUver the goldfrnith had put into the cromn t 

6:^ Since it is proved by experiment that a maf^oTpore 
|old will pofleis lefs fpace than a Ijuandty of filTcr of tbe 
lame weieht, it will be eafy to conceive that a mixt ma& i£ 
Slyer will poflefs or take up a fpace between them* Ai^ 
chimideSy therefbre, caufed two maflesto be made of emial 
weiaht with the crown^ ooe all of pure gold, and the other 
til filver : then having a veflel filled to uie biim with watefi 
lie caufed the crown to be iromerged, carefully referving the 
water which flowed over. And thus he did with the mut of 
gold and filver^ referving each ttme the water whidi flowed 
Offer the vefTel ; by which means he very exa^ly told 
Hiero how much gold was fecreted. 

Now let us fuppofe, that by immerging the mais of gold 
inKr> there was emitted 60 lbs. of water, and by the mafi 
•f niver 90 lbs. and by the crown 64 lbs* Then, 

Numerital SobUion. 

1 I For the quantity of filver in the crown put jr, 

2 I Then muft the gold ■ 100 -* 4^ 

3 I Now if 100 lbs. of gold be 60 Iba* water, 

. 60OO4.30 X 
100-^ IS ^^ 

4 1 Again, if 100 lbs. of filver be 90 lbs. water. 

. 90 J? 
xis— - 
100 

Tu r r.1. . ^ • 6OOO+3OT 6OO4.3 X 
The fum of the two is ^^ ■ = ■ ^ ■ 

100 10 

This ou^tthen to be equal to the pounds of water 

t emitted by the aowo^ viz* 64. 

Whence 
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Whence ^222^^64. 

100 

Thift reduced, -— 6000 + 30 « = 6400^ 

That is, 30 «= 6400 — 6000, 

ThatM, ■ 30a?=s 400^ 

That is, ■ 3ir=:40f 

40 
Therefore, — » «s=s---=13 *. 

3 * 

So that the golttntth had mixt 13 1- lbs. of filver k 

the crown* 

N. B. Bat there may be an iofinite number ofanlWera 
|iroduced, according to the variadon of the queftion, and 
the crown will be more or lefs adulterated, according to the 
IproportiKm of the water emitted by tiie mafi of gold and the 
aiixtmaSl^rthelefs their difiereDce»thelefs the adirfteration. 

Note, alfor— That this and fuch like quefUons may be 
done by knowing the ipecific gravity of each body ; that is, 
wmghed feparatay in air and water, and their proportions 
will hold good in the £une manner as above, and is modern* 
ty pradifed. 

FROBLIM zkzT. 

flHiat number u ikai whofe |, |., and \ exceeds the wMe 

by 240F 

Numerical Sohtum, 
1 1 For the number put Xf 

ThenwUlitsi,i,},be|,|,j. 

Thcfc reduced toa CD. wiU beH!f±i£±lf^ 

• , 26* 13 <f 
orrather,— =— -• 
' 24 12 

Whence (Ct) this equation, «—^« =zx j^ 240; 

5 This reduced, ■■ 13x=; 12x=2S80 

6 And^lSoi^ --«— 13«-^12jr = 2880« 

7 { That is, ■ ■ 9 ss 2880, the number. 

H 5 ^>i^^\»^^ 
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r 
PliOBLSM XXXVI. 

TSf rc is a rod of iron a yard h>ng, (it the ends ofwhiA 
Hang g luights^tiz, one of\5y and the other of I lb. weight': 
I demand the' point of the rod where ihefe two weights wiU 
Hang in bat^ie ? 

'Numerical Solution. i , 

1 For the dtftance of the left weight to the ' . 
- point put a:, ■ I • . ( 

2 Then will the remainder "be the diftajace of thd ^ 
greater, viz»S6 — a? inches. . . 

3 Then will the proportion be, 
Asx: 36 — X :: 15 : 1. 

4 Multiplying means and ext. 1 x=: 54:0 — 15 Xf 

5 Then ^—15*, — lBa?i=54e. '■ 

540 ' * * 

6 Therefore, x = ^ == S3 |. Lefs wt» 

. lo. -j! 

7 AndbjrCdftep, , .3€-r*c=:8{. Greater. 
So that the point from the .imall Weight mufl be 3$, I 

inches, and the difUnce of the 15 lbs* weigh| 16 
times lefs, yiz. 2 ^ from the end. 

1 

PROBLEM XXXVII. 

Suppoje a rod of iron to be divided into 150 equal parts, 
and at thefrji part or divijim hangs a 4 lbs. weight, and on 
the laji divifion, or other aid, a weight qf^f core: and l6 lbs. : 
/ demand the poini,_of the rod where thofe two weights will 
be in equilibrio ; or, which is thefime, what divi/ion of the 
TQji wUl be a balance to both the weights ? 

Numerical ''Solution. 

1 For the difference of the greater weight put x, 

2 Then will the lefs be 150 — ar. ' : . > ; 

3 Then ■ .. < , x '■ As a?: 150 — ar::4:^. 
4, By multiplying meaiis and ext; g6 xss 600 *- 41*. 
5 Then(p — 4a?i — — ; 100^ = 690. 

Therefore, a? ==: — = 6, great^ weight, ^ ' 
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I 7 I And by 2d ftep, 150 — x = 144, lefs weight. 

So that the point of balance b 6 parts from the greater 
weight, and 144 from the leb : for 144 + 6ss 
150, the whole. - , • - 

OCj* From hence, alfo, if a rod be divided into any num- 
ber of parts, and one weight be gi^«n, and the poitit gi?ett-* 
in the rod, the other weight is eafily found by proportion, 
thus : as the didance of one end is to the given weight, fi> 
is the other diftance from the end to the required weight* 
Thus, in the Problem before us, let the weight 6 be given^ 
and the divifion 144 on which it is placed, and the whole 
rod 150, as before, to find what weight will balance it* 

PROBLEM XXXVIII. 

There m a rod divided into 150 equal parts, an whic\ 
hangs at one end a 4lbs. weight^;; and the rod being piaced or 
laid javrofs any thing at the 144M divifion y I demand wkat^ 
weight at the other end will be able to balance the 4lbs. 
foeight, to keep the rod in equiUbrio ? 

This is done by the help of the Rule of Proportion, 
cither direct or inverfe. For only obferving the diflance 
the point of balance is from the given weight (which here 
is 144, and the remainder 6), the proportion is. As 6, the^ 
remainder of divifions fi'om the lefs weight, is to the weigfit! 
itfelf, fo is the diflance of the lefs weight from the point 
of bidance to the greater weight, &c» Thus, 

As 6 : 4 2 : 144 : 96. Or, 
As 6 I 144 : : 4 : 96, &c* 

8^ By this method may be proved, whether the fteel* 
yard, or any beam or pai^ of (bales belonging be good : for 
notwithflanding the vulgar notion of beams and fcales bejn^ 
true, becaufe the brachium hangs in balance, it is evident,. 
t}iat in weighing large quantities the buyer may be fufficient* 
ly cheated, or the feller may ignorantly cheat himfelf, and 
tnat more or lefs in proportion according to the make of 
tfiebeam* 

H 6 Tr^ 
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Trt. This 18 a Con of a paradox to me at prefent f 
Not. And to me likewife ; I wiih» therefore, Philo* 
mathesy you would expfaun it a little to me ; for if it be fo^ 
how am I too chufe a good beam, or depend ttpoo others to 
know whether they be true or f alfe ? It is not to be fuppoied 
every one can pro?e it by figures. 

Phi. I grant it ; but you may foon foe the truth of this . 
by forera! experiments'*. However, I will tell you thus 
iiiQch, that in choofing your beam, mind ndt altogether ita 
hanging in balance ; but more particularly examine whe- 
ther the arma wbeieoo the fcales hang be equi-diftant from 
the centre : for ihonld they not, yoa may depend it is not 
an honeft balance : and whenever yon fufeea any pairof 
Icales, yott may (atisfy yourfolf by this vulgar experiment 
oolv ; change the weights and commodity to the contrarr 
ftalCi and if the weight be as before,, it i& rig^t» otherwile 

Not. We are obliged to you for this eafy explanation. 

Phi. I am not treating of mechanics, tt is true ; but I 
have (aid femething the more upon it, becaufe it is more 
nfofiil and neceflary lo bufinels than every common queftion ; 
and, indeed, fodi perfons as deal in valuable commodities in 
krge quantities mould be careful to examine things of this 
nature. But^ come, we will proceed to 

PaOBLXM xxxiz. 
jl trade/man began the world with a certainjum qfmonejff 
v»Uh which he bought aftock of goods ; but^ by misfortunes 
ia tradef he loji thcfirfi year one half the vake ofhisftock^ 
mid 10 JhiUmgs acer; and alfo the fecond year he lo/i half 
hisjioeky and 10 JhUBngs aver ; and thus he went on for 5 
yearSy tofinghatf the valueqf the preceding year's JiockyOnd 10 
JhUUngs over. Now at the end of theffth year htUft cff 
tradcy and hisftock was worth but 50£. lOs, I demand the 
value (fhisjlock atjirji f 

* See Dr. DeiaguUei*! £zp«nm«qtal PhilofopBy^ vol. l,phte>7, 

Numericai 
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Nvmerical Solution, 
1 1 For the value of his ftock at firft in poaods put Xf 

2 Thcniiclofttheferfty«ir-4.|\ 

Andhadkft- — f, yiz. ^^H-* 
2 2 

4 I Then had he loft juft { thb, the 2d year it wooU be 
But he loft iOflullingsroorey thereibie he hadkft 

X 1 X 

This reduced, firft X '^be denominatitf 4» diea 

^ . 2jp— 2— 4 ■ 2*-^ 
X 2,i» : , er. 
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8 

IT S 

This abbreviated, i» the 2d year's ftock left ~» 
Then by loTiDg half 4- lOf. he had left the 3d 

. 2 X— 6— 58 2 «— 14 

This reduced, is a s w, — 7g^, ^* 

*— 7 
The half of this lefs 10 fiuOmgs is left the 4tb 
year, viz, — r?" — i* ^» 



. , . 2r— 14— 16 2x— Sa _ 
11 This reduced, is ^^ >or» — ^j— , or^ 

X— 15 
16 • 

• Mi>te,a8lO{hillinpu1iaIfofip«iirf,the|intBt2aflcpftprf- 
fcnti l01hiUiiip,ttdtowi««eit4cslof twttWi. 
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Then had he left half this lefs 10 fhillingsthe 5th year, 
. X — 15 , 

32 * 

_,,. . , . 2 J?— 30-^32 2i'-^2 

This reduced, is — ^r; > or, ■ j^ | 



64 
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x— 31 

32 

Now this (Q.) is equal 50^, 105.,^ or 50 |. 
^ 31 

Whence, = 50 I. 

■ 32 * 

This reduced, firft X denominator 32, ar — 31=5 

1600 y. 

This X. ^ denominator 2, is 2 J — 62 = 3200 

+ 32. "^ 
Then f -r^'.62; 2 «= 3200 + 32 4. 62. 

Therefore,. * = ^^ = 1647;^., hi? firft 

(lock, which you may prove at your leifure. 



PROBLEM XL. 

Whatnvmher is that ^ whichy if added fecerally to 3, 19, 
ttnd 51, wiU make them 3 proportionals ? 

Numerical Solution, 

1 For the number put j, 

2 Then by adding this to each number, they are or -|. 3^ 
. jr + 195 x + 51. 

Whence, by the Rule of Proportion, As x r|- 3 : 

.T 4. 19 : 'i+ 19 s^+ 51. 
But multiplying means and extremes, you have xx 4. 

^54 f + 153 = ar« 4. 38 .r 4. 36l. 
Then by caiicelling xj: on both fides, 54 j: + 1^53 =^ 

38x4.361. j 

Then <p 38 a:and 153, it is 54x — 38 a? =p 36l 

— 153; 

ITI 
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7f That is, 1(5 X =1208. 

J 208 

8 1 Therefore, x = -^ = 13 Jm/. 

i 9RO0F. 

• Numbers 3 19 and 51 

Add 13 t 13 13 



16 ' =32 &h ~ 

.. i; . For l6x 6-^=32 XA2. 

Do theik op^ratloAs appear plain to yoa, Novitias ? 

Nov. Very plain, Sir ; I think I underftand them all 

Tfcry wm. - :, ' T 

• Tyti. -1 wifh i could fay ffi for my part, for I muft owi 

at present j do ilbt. ' . i ' 

•"^Phi;- It k not' to be ezped^ed (b young ^ learner as yoi4 

Tynuici^Ius, (hould be ipafter of thefe things at once : i^ 

you underRdnd tfte Work by reading "it, that is fufficicnt sf 

prefent ^ ahd ta going through the problems once more, yot 

wili, no doubt, underhand them ; and I^hinklb^yeigivesi 

you a viarieiy of examples enough, 

Nov. I beg you ^^uld v^ork a queftion or two in plain 
fij^qnoBiQtry/.bttfoiie you conclude, if fimple equations will 
pprfirni them. , X; \ u 

Phi. Yes, there are many to be performed by iimpl| 
equations only ; but really I have fcarce room to grant 
your (jdlte,. .having ah^ldy *added ten problems more than 
I ijxtended. however, to oblige you, I will ; but then I 
fball *work them'-literally, for it ^ill ^ too testis to da 
Aem httjnrricallyi ' . ^ 

'fllippoJ:aflitj^iojlili/idkpond Ao^z(>t^ta2j)lqne, 75/eei 
clearjrm i ike ground ; what'keighl jfroni the ground mii/i, if 
be cut or/awed dff^at, fo that the top of it may fall upon a 
fo[nt b = ih feet from the bottom ofthepok to thefaidpoint 
dn the ground? 

lateral 
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Uttral Solution. 

For the height foi^t 

pvitx. 
The fqiiare of which ii 

Then it the fqoare of 
b ; M 

The fum of their fquaies 

The remainder to 75 
is — — c — - X, 
The fqoxn of this is^ 

cc-^^jrc-f-cr. b2=z55 

Whence this equattoo, xx^bbz:=:cc — 8«c4.i9r» 
Caned «r 00 hothfidesi W = cc—- 2jec« 

Theof — 2a»iitis S^c-f-Mssce- 

ThenfM^ — :— «4fCs=ci: — »• 

cc ^ 

Then mxA 9:sz « that ii, » =75 X 75 ,— 

55 X 55, divided by 75 X 2, which ia=: 17 j* 
i feet, Attf. 



FROBtBM XLir. 

In the triangle ABC is gioen the hafi AB = 12, ani 
the/egment^ or part rf the hmahentife^ BC, v»« BD s= 4. 
lUfidredtheJi^ ACmdBCr 

litetoi SotiOion^ 



Let a=I?=AB,and &=:4 = 
BD ; and let x = AC. Now as AC 
and CD are equal, BC muft be = 5 -|- .r. 
Then hj the 47th of Euc, BC* = AC* 
«4* AB* ; but BC* s=z the fquare of 

M=AB. 
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Tke fquare of & 4. x is ^5 4. 2 &x 4. xjv 

This (Qh.) is = fqtuare of x and a* 

Whence, ■ W + 2 5jp 4. orjr = i«? 4* aff • 

By ^sincelling our on both {jdes^ £6 4. 2 6x = ao^ 

Then f bby it will be 2bxz=:aa — hb^ 

_ otf — 56 12X12 — 4X4 \^ 

Therefore, x =s =— =3 ^r z — - — =:1&^ 

* 2r 2X4 

So that the fide C A or CD = x = 16. And CD 

16 + BD = 4 = 20 = hypothenufe CB. 



PftOBLXM XLTII. 

TJiete k a re&angled triangle ABC, whofe bafe AB » 
45, and the fitm of the hypothenufe and cathetus AG -|» BC 
s= 135 I It it teqmed to find the fties AC and BC 
feparately f 

Literal SolitHon. 

Let d=: 135 == AC + BC, andlet b s 
45t or BA, and put x for CA; then CB =; 
d — X. And feeing the angle CAB is a 
ridit one, we have (by the 47th of 1 Euc) 
BC*= €A* 4. BA*; biit BC* =thc 
Iquareafd — x» viz. dd — 2d!r 4. xx. AndB'^' 4^ ' J% 
CfA = XX ; and BA s5&. Therefcie 

1 The £|uare d — x is <M— 2d!ir + xxi 

2 This (Q.) = t# the iqnare of X and {^. 

Whence, dd — 2dx4> xsxsxx-f-^^ ' 

3 Then cancdlmg xx, dd — 2 d!x z=M» 

4 Thtafbb^dd-'ikzsifidM 

Therefcfc,x=^^;=iiof 1 - S ««^ = CA- 

2d 2 2a 

And 135 — 60 =: 75 5=5 BC. 

Or let X = BC, and then will AC = d — « ; and 
Aercfore (by the 47th of 1 Euc.) BC» = AC* 4. AB*. 
Therefore, as 6 s=: B A, as above, it will be 
' 1 XT rrrddr— 2dx 4. jx 4* 66 

2 dd— >2dx4. 66s=:0 

3,2drz:dd'+66 

1*1 
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d hh 135 45 x 45 ^^ ; 

a? = - X — , = — X — = 75 die 

'^^ 2d 2 "^ 2 X 135 



o 

A. 




hypothenufe BC. And 135 —- 75 = 60 = 

AC, aa before. 
Note. By the 36th of 3 Euclid, you may find the fides 
BC and AC thus : Deicribe a circle, making the perpendi* 
cu)ar the radius ; then is the redtangle He into the fegment 

^D =3= the fquare of A B ; therefore BD ,. •••^^ 

is = the fqoarc of AB divided by Be = /** 
BC + Ac = 135 } that is, BD =/ 

— TTT— =15; and therefore (by the; 

figure and the preceding work) BC J^ *. 

AC — BD ^2^ that b, ^^^""^^ 

= 60 AC, and 60 + 15 = 75 BC. 

Geometrical^,* 

' TkA : from any fcale of equal parts mak^ 
the; lio^ AB = 45» and at right angles to it 
dratv Ae a= 135} Uie fum of the fides AC and- 
BQ. Then join 9e with a right line from 
e to B| iHfid oivide this in the middle at b ; 
then let fall a perpendicular-from 6 upon the 
line Ae, which will fall upon the point C ; 
then having drawn the line BC, the triangle 
is completed \ apd if you meafure the fides 
upon the fame fcale, you will find BC == 7 St 
and AC = 6o, as above : for the line he ^eing 
perpendicular to Be, and cutting it into two 
e^ual parts,' the triangle BCe is ifofceles, 'by 
the 5th of 1 Euc. Therefore confequently 
AQ+BC = AC4.Ce- Q. R. D. 

And thus, Novitius, I have dpne all that is in my pow^r 
to ferve you and Tyrunculus ; and I (ball leave 7 problems 
more, without* their operation (to make up the number 
50), for your pradice ; and I deCre j^bu would aflift Ty- 
runculus in them, as I have afTiiled you in the others." 
* In this Edition the Editor has given their Solutions. 

P&OBLEM 
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;; ' FRQBPSM XL IV. 

Ofie hires a farm containing 125 acres of ground^ for ^ 
tchtch he gives SS£, 5s. The land con/His of two forts; for 
the better fort he gave 7*. ^d. per acrey and for the worfi 
3s. 9d' P^f ficre: I defnand hero many acres there were of 
each fort 9 • , ; 

,. . . .Solution, " ^ 

1 I Put Xy the number t)f acrc3 at 7*. 6d* ; 

2 Then as both together are 1 25, that at Bs* 9d^ mull be ' 
125 — X. 

3 Now Xy the ninnbeir of acrecTy at pOcL or ffOxi 
4f And 125 — Xf the number of acres »t 4$4*. '^ 3fi25 . 

— 45 X. { 

Thefe two are .equal to 9180, whence JK^^r -f 5,625 \ 

-r- 45 « as 9 18©. 
6' Then ^5625 + 90— 45 x= 9180 — 5ff25. 
7 Thatis, 45.r=a9.480 — 56«5 = 3655. 

3555 

Therefore =3 ~^'taB 79» the number of acrep at 

45 .■■-!. 

7s. 6d». 
Andbjr2dftepl25«^f;orl25— 79i=;4<lS, the qum«: 

bcrofacw>^3#.:94i • .:,: ' 

." • *i » ? •: ■ ■ . . -Ik .■•• j 

« .1;/. . PHOBMtM XLY. ^ . ' i 

other at 6 per cent, wta'ch in 13 years^Jimi^^ iptereft want^* 
ed but 19£, Js. 6d. of the principal: I demand the parcels f 

■ iSoliitwH* 

For the part at 5 per. ci*ni. pat-a?» 

• Then will that at 6^be 60 — jtr. ' 

Then by the Rule of Three, one ^aalr's ioteseft of. 

: - . 5j?« 

a; at. 3 per. cent, is 



* 3 



— >— • 
100 



And by t^ie fame rule, one year's intereft of 60— Xf - 

,^ ' . 360— 6a? - 

at per. cent, is -• 

^ ^ 100 

|5| 
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J 5 I Then the fum of the ineereft of both for oaeyear ii 
5j^ 360— 6jp 

TSo"* leo 

Then becaufe there is 5x and — 6xy it wXL be 
360— jf 

100 
This being one year's imemft of both, 13 years will 
^ 4680— 13« 



8 



9 
10 

11 
12 

13 



100 
Thif it eqaal to 60 -r-lp^^. 7«* 6cf*» Tiz. 
40^. :29. 6(t 

Whence 4ac« 12*. 6i.= — -— • 

^ ^* 100 

This X by the denominator 100, k4062;£* lOr..: 

4686—13*. 
Then fr— 13 x and 4062/*. lOiv 

13 « =: 4680 — 4062]t- 1<^ 
That is, 13 Jp=6l7/- 10s. 



t= 617/"- 10s. 
_ 6l7/>> 10s. _ 



Therefore x = ' = 47jf • lOi. 

And by 2d ftep 60 — ar= 12;^'. lO*. 

So that he put out 47;^. lOs. at 5 per cent, and 
12;^. 10s. at 6 per cent, the intereft of which in 
13 years amounted to 40;^. 12s. 6d» s= 60 ->« 
19£ . 7i. 6d. 

PROBLBM Thru 

Three drunkards^ A, B^ and C, haoing each qf tkem 
nm up a Separate fcore at an alehoufcy agreed to go (wnier 
pretence to drink) and rvh all out ; which was done accord* 
mgly : but the landlord remembered 'cery well that A's 
and B's reckoning added together made l6s. 10 J; \^ and 
B's and Cs 13s. 3d. i^ and A's imd Cs 1 Is. 5d. i. He 
tierefore craves your qffjftance from henu to ttU him each 
num'^difima/coref 

Solution^ 
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Sidutiotu 
\ For A's debt put *, 

2 Then as A's and B's together is 810 &rthingS| B*s 
is 810 — X. 
Then as A's and C's is 551 farthings, C's alone is 
551 —X. 
4 J Now B'sand Csfhooldbe 6379 ^t is 136l — Xp 
5 ■ Whence the equation 637 =: 136l — 2d? 

6 By ^ 2x - 637 + 2 a? = 1361,^ 

7 And ^637 2 x = 1361 — 637. 

8 I Tl^at is, 2 X = 724 

724 
Therefore x = — — = 362 A's debt in ^rthings* 

10 Andby2dftep, 810 — x = 448 B's ditto 

11 Andby3dflep, 551 — x=: 189 Cs ditto 

SoA^sdebtis 7 6^ 

B's ditto 094 

Cs ditto 3 llf 

I 

So the whde debt is 1 0^10 

PROBLEM XLVIK 

There are txoo nvmhersy xohofe fwn ii 517, (O^ the quo* 
tient of the greater bif the Ufi isjuf IXKH). I demand the 
nmnbergf 

Solvtion. 
Put X for the leaft, 
517 ^x the greater* 

X 

517— X =5 1000 X. 

Therefore 100 x= 517> 

517 
Eknce X = "-rrr' the leaft number. 

517 * 484 

PROBLIM 



1 
04 



4 
5 

6 
7 
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PROBLEM itYlIU 

What fmmher k that, v^ich, if added to 33, 209^ M 
. 561 , vMl make them 3 proportionals f 

Solii(io?i. 

1 Pot X for the fum added* 

2 Then 33 + ar. 209 + *, 5{Sl + x, the aiinober of 
proportions.. . 

3 'And a« 33 + a? : 209 + x : : 209 4- x : 501 + x : 
18513 + 594 .r + a* ;= 42881 +418 x + a:* 

4. Then 18513 + 594 a: = 42881 + 418 ar, 
5 And 594 a:— 418 .r = 43681 — 18513, 
6* Then 1^560; = 25168 ; 

WhfeDCC X = -r—=7r- = 143, the number rpquireA 

176 ' ^ 



I 



PROBLEM XLIX. 



jrhat number is that uhofe i, \, }, |, and -j^, exceeds 
itfelfbyone? 

Solution, 
Put X for the number. 

X X X X X 

Then- +;-+ «4-f + — = a? + 1, 
2 3 4 6 12 ' 

And 6 a: + 4 a: + 3 x + 2 .t + jT == 12 a: + 12. 
Therefore 16 .r ~ 12 .r = 4 a: = 1 2. 



1 

2 



o 



4 



5 



12 
Whence x •=, — = 3, the cumber required. 

Alfo, i + 3+^ + 3 4.^3^^|8 +14+^ + ^ 

, 3 _ 18 + 12 + 9 + 6 + 8 48 _. ^ 
+ „= _-^ =_=4, the 

proof. 

PROBLEM L*. 

J per/on dying, left in cajh 410/*. 10«. /o his4fws, A, 
B, C, fl;zrf D, in fuch manner, that if A had 4£. lf)s. 
more, and B 4'£. 10*. lefs, and Cs were multiplied by 

4>£, IQs. 
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iB7 



At£. 105. and D'« dmded,bi/ ^£. \0s. it would produce one 
and the fame'fum of money, WJiat was the portion of each f 



1 
2 
3 



6 

7 



9 
xo 

11 



Solution. 

Put for tbe fum produced 
Then A's will be 
And B's will be 

That of C's 

And that of D's 

The fum 

2x , 9x 



«•+ f 

9 
9x 

2 
2a? + 



9 



9f 



+ |.=410^ 



Whence 2 x + 

And 4ap+ — + 0a: = 821 » 

9 
36x+ 4fX + Sl a: ==7389. 
Therefore 121 x = 7389 ; 

738Q 
Whence ar=- — ^ = 6l y|t> '^^^ numberproduced. 

61 ^ - |. = i|4|i A's (hare = 56''^: ' 

61 TTr + l = HII^ B^s ditto == 65Hi. 

61 ^^^= 3^4 c's. ditto • 

61 tIt X ^ = -HiF- D's ditto 



• > 



3^4 c's. ditto =13 HI- 

274 Hf ' 



Proof 4104^ 

Nov. We are highly obliged to ypu, Philomathes, for 
thefe favours Come, Tyrunculus, do you think of going? 

Tyr. When you pleaie, Sir. 

Nov. Dear Philomathes, in accepting my hearty thanks, 
you will yet more oblige your humble feivant, 

Tyr, Pray, receive mine alfo. 

Phi. I do ; and you are not only welcome to thefe fmall 
inftru^ionsi but I fliall always be ready to ferve you : only 

let 
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« 

let me perfiuuievoa (as far as things of more moment will 
allow of)t to affift one another ; for it is poffible I mayt by 
and hvy inftruA you in fbmething of Quadratic Equati(»iS| 
becaole it is a pleafure to me to fee you delight thus in &• 
gures. Thofe that have no tade for this (brt of leamingi 
indeed) are ignorant of the (atisfa£tion that it leaves ; for 
what can be a greater fatbfadlion to the mind than certainty 
itfelf, built upon the foundation of unerring principles ?— 
This made a noted author fay, that ^^ Algebra, like logic, 
** gives us a juft idea of the nature of things, ihews us the 
*' true way of reafoning, elevates the mind to a proper de- 
** gree, and will not fuflfer it to dwell upon mean and bafe 
••trifles." 

And I could^heartily wifh that more of the growing 
youth of this age (efpecially fuch as can afford it) would, 
with you, give their minds to the fhidy of fome of the 
Mathematical Sciences, they being not only ufeful, but 
very diverting, and would certainly tend much more to their 
own private good, and that of others, rather than the con- 
flant perufal of fuch books which daily vitiate the mind, 
and corrupt the morals. Thus we read, '^ Xenophon 
** commended the Persians for their careful and prudent 
^* education of their children, who made them fhidy only 
^ iuch authors as treated of learning and morality ; but 
** would not fufier them to effeminate themfelves with idle 
•* and amorous tales, knowing well, and wifely difceming, 
** that there needed no weight to be added to the bias of 
^ corrupt nature,** 
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APPENDIX, &c. 

I.N 

A Dialogue between Philomathes X Novitius, 

■ CONTAimNG 

SOME NECESSARY INSTRUCTIONS ? " 

IMT 

QUADRATIC EaUATIONS. 



Philomathes calls upon No'viTius'/o.Awow wia^m- 
provement he has made in Simple ^£jttdtt<ms, 

I III ■!■ II 

•• The fign of IiiToIutioii.--7M; The &gn of E¥olution.«-» 
V The fign of Surd, or IrrationaUty, 

' PHILOMATHES* Novitius, your fervant. 

Not. Sii", I am heartily glad to fee you.. ..} 

Phi. You remember I promifed.to. give you fome non 
tion o^ Quadratics, which I intended to haired6tie hefiiki 
but that bufinefs of greater moment has x:ontinually calledP : 
for my attention : and though I am now come according to 
promile, yet my yi(it witi be but fhort : and before 3r hegm 
with yo«, let .me know wheiher you are pretty perfedt iu^ 
what I have fliewn you before. 

Nov* That, I aflure you, Iam« 

PiU* We will proceed to the pomt in handj then. 

Nov. Pray, what does the knowledge of Quadratics de* 
pend upon ? 

Phi. The kaowledge of Quadratic Equations depends 
japon thefe four things : , 

. ifi. The method of raifing powers from a (ingle quantity. 

2dly. The refblution of a fquare raifed from a tunomi« ^ 
nal or reCdual, and how to complete the fquare, when two 
members only are given. And 

ddly* The way or method of extracting the roots* 

I The 
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The firft two of diefe ire comprehended under the name 
of Involution, or the method of inTohrxnig; qi^^tities from 
any gWen root. 

Ofrajfifig pfnoeriframajlngk quantity^. 

RULl. 

Multiply the given qaantity into itfelf, yon have the 
fquare ; to which join the £iid quantity, you otfe the cube 
third power, &c. &c. 

SXAMPLE 1. 

Let X the root be involved to the 2, 3, ^f and 5th power- 

X Root. 

XX Square or dd power. 

XXX ox a? cube or 5d, &c. 

xxxx or x^ biquadrate or 4th, &c« 

csrxcor j:* fuiibUd or 5th power, &c« 
Nov* This is fo plain, more examples are needlefs : but 
what do you mean by a binominal and refidual root ? 
Phi. a binominal is a compound Quantity, confiftiag of 

two parts, asx-^^ orx-| — connef^ed together by the 

tigns mo^e *|^ and Jefs •» or 4. or -— and alfox — 5 x — 

-J^ Now thefe two parts multiplied by themfelves (that 

is, fquarcd) will always produce 3 members, the firft and lafl 
of which will be perfed fquares of the root itielf, and wBl 
always be aifHrmatlve ; and the middle part or member is 
made by the double rectangle of the parts of which the bi- 
nominal is con^pofed, and this middle part will be ibmetimes 
affirmative, and fometimes negative : affirmative when both 
are affirmative or negative, zz x j^b or — a* — b ; and 
negative when one of the parts b negative, as x — 6* ; 
do you underfland me ? 

Nov* Yes, very well, except it be the double re^angle 
you talk of. 

* Note.— A binominal is called a refidual root, when one part is 
negative, as * — 3. 

Phi. 



Vhu This I (hall latisfy you about prefentlyy under 
ohfervation the firft : in the mean time^ we will give you 
an example. 

2dly. The refblntion of a fquare rufed from a binominal 
or rehdual. and how to complete the fqusure when two 
members only are given. 

EXAMPLE 2. 

Let X -{-hz, binominal be xaifed (ff inyolycd to the third 
power. 

XX »\' jd> 

xb J^hb 

XX4. 2^:6+ M the fqnare. This X ^ + ^ 
x^b 

9XX'\'2X3^'^M 

" ' i ■ ' ' 

XXX J^xxxb -^-^aML-^lih oakt. 

EXAMPLX 3* 

Let«— 6a refidiudbe raifed ormtolved to the third 
power* 
« — ft 
» — ft 



«rjp"-*aft 
— orft^. ftft 

XX — 2xb J^^bb fquare X * — ^ 

X — ft 
«r«— 2 d?rft -f jEftft 

— xxb J^^xbb — ftftft 

XXX — 3 xxbb 4- 34ft— ftftft cube. 
Nov. lundeiitandyoayery well ; and I «Ho^ perceive 
that in the binominal the anriveir i&SLffitma&v^ \^ ^*^a» 
fuaddes, but to the refidual tlie^ AxcnaxA^ ^^Tk%^ 

It V 



Phi. You fay ri^Kt ; and you fee that it if nothing. W 
comroon moltiplication ; and if there were fradions the 
work is the fame. 

BZAMFLE 4. 

Thus, - fqnired is — ) for only multiply the denomina* 
tors and the numerators together as in Multiplication of Al- 

X XX m X b 

gehraic Fractions ; fo alfo - fquared is -rr ^ and - + - 

r , . xh . . « 1. % 1 • 2 flx 
Iquared is — 9 and x 4. - a bmomuial it xx j\ — 4. 

•--> or XX j^ ax ^ -7 and lallly, iT — - will alfo be xo? — 

't % ^ 

^ ax aa aa -, . 1 . . ti 

— -- 4. -., or arx— -ax 4- — • For 2 m the middle 
24 , X 

term being common to the numerator and denominator, I 

expunge it, and take the numerator ax only. 

Nov. I thank you kindly, Sir, for yt>ur demonfhrating 
it fo plainly. 

Phi. I prefumc, then, as you know how to involve any 
root, you alfo know the third Uiing, that il^ how to complete 
the fquare. * 

Nov. That I do not, nor do I know altogether .^t pre- 
fcnt what you mean. 

Ph I. I own, as I faid before, that it is not fo eaiily known 
by a learner; therefore I readily excufe it, becaufe au- 
thors in general have taken 110 notice of this, though fo 
neceflary. 
Of completing the fquare, uheii but two members are given. 

I have already told you, that any compound quantity, 
whether binominal or rehdual, when fquared, will confift^of 
three members ; the middle of which will be fometimes affir- 
mative, and fometimes negative. 1 alfp tdd you, that when 
they are both perfe<5t fquares yot^ jnay eafily, know it, as ax 
4- bb or aa; -|- i6 ; to compl^^thfi fquare of whidi will eafi- 
ly appear as follows. , _. . 

OBSERVATiaN !• 

When any compound quantity asxx-^.^^ orxx— 'i^ 
wantsJ:0 be completed, that is, wants the middle part or 

member 



r 



member (for remember 1 toldyou it confifts of 3), then take 
the root of each pait,viz. x and 6, and multiply them together, 
which is xb ov^xb : this is what we call the reftangle, the 
double of which is 2 j:^ or — 2 xb ; either of thefe jmt be-: 
twieen the other two will complete die fquare. : ' 

Nov. This is eafy, indeed, if I take it right ; for foppofe 
XX 4. ^66 were to be completed, the root of xt is .tj the 
root of ^ is ^ ; now x X ^ = i* the finigle re^lftngl^ 
therefore 2 xh vi the dottle rectangles, which placed bjB? 
tween the other two members will be a?ar 4. S^ a^ 4- hh^ 
or XX — • 2 1:6 -|- hb. But how am I to proceed when 
there .are co-elicieats ? '''■]. i"^ 

I Phi. The very fame: for fuppole tl^ root ^ v-^Si 
were to be fquared or completed; here 8 x X B f -s;9 
64' X the firft term, and — • 2 X — 2 ss 4 the tltfrd 
term. Now 8 jp X — 2 = — 16 jr the fingle re^« 
angle, therefore -*- 32 a? is the double re&ngle gr ogad* 
die term ; jb the fquare compUsud is 64 x — 32 x-+ 4« 

N^umerical DenUm/lrafian. 

Suppofe they were in numbers only, you will fee the 
middle term is always made up with the^ double redbm- 
gle of the parts* For Idt any number (iiippofe I6) be 
-divided in any two parts, as 12 and 4. To complete 
the fquare, 4 X 12 => 48, which doubled is 96, the mid- 
dle term ; fo b the fquare completed, viz. 144 4- 96 + 
16; and if you make the binominal x + b = 12 4- 4, 
you will in courfe have xx + 2 xb 4- 66 = 144 4. 96 
4. 16. ^ 

Nov. I like this very well ; but pray how dd you com- 
plete the fquare, when of the two given members only the 
£rft is a fquare, and the other any quantity or number 
propofed at random? 

Phi. To be fure this cannot be done, in many cafes, 
by taking the double redtangle of the parts as before di- 
re£led, becaufe the parts confift not of two pure or per« 
fe6t iquares ; but (till, Novitius, we (hall put you into an 

I 3 eafy 



• I. 
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maSy way of doing it at o&ce> PU warraat you». bylKe 9d 
thing propofedy namely, 

OBtSKTATIOlf S. 

When any two quantities are propofed, libereof the firft 
is a fquare, whether they have co-emcients or Hot, or whe» 
ther toe fecond member oe a fradion or not, yon may find 
thm third member and eompleat the (quare of twa fiick 
fiantities by this rule only* 

Anoiker general rub to complete tie Square tf my fM 
fuantiiieif one whereof is aperfi&fquareM. 

muLt. ' ^' 

Take half the co-efficient of the lecond membefi and 
jfiirfeteure thereof (hall be the third memb^i:^ which wiQ 
oonfM>Mlte the fqnare of the iiud two men members. 
' Mov, What, do yon lay this willdo, thongh I propoft 
aity quantities or fra^ons at random ? 

Tnir Yes^proTided your firii member be a perfeft fquarei 
andtthe fecond has the root of that fquareiband in it* 

Nov. Give me a few examples. 

Phi. I wiU. 

BXAMPLB 1. 

Simpofe XV 4" S or were to be completed, here half the 
co-efficitnt of t))e (econd member, vizn 8, is 4» whofe 
fquare is 16, which will be the tbiidterm. «a;-4- 8«, 
therefore^ when completed, will be j?x + 8 a? + l6, the 
root of which is^ + 4, fora?+4X a?-h4=:irar+8x 
+ 16. 

EXAMPLE 2. 

Let jx -I- 14 X be completed. 

Here half of 14 is 7$ this fquared is 49 ; fo that xx +- 
14 X when completed isxx + 14 x + 49» 

Nov. Very eafy indeed, and very pretty. 

Phi. Notwithftanding this, you (hall very rarely meet 
with it in authors. 

Nov. I know it ; but, pray, fuppofe the lecond memben 
have an odd number /or co-efficient, or fuppofe it to have 
fra^onsy how then ? 

Phi. The very fame as before. 

EXAMPLE 
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EXAMPLE 3. 

Let jRjT 4* 5 Y^be completed. 

Not. I am at Jofs at prefent, indeed. 

Phi. Surely not, No?itias ! wby« . is not the half" of 5 
cxDiefled li 

Nov. I aik pardon, it is lb| and the fqnare of {• it V, 
ititnot? 

Pmi. You are right. 

Not* Then I percjeive «x -f 5 ar, when coo^leted, will 

be 4»r + 5 » + V* ^^ ^ ^^ ^°^ '^ ^ "^, 
J— will be XX — -T- — ~ fiwr the f of f i^ •{> and Aif 

fquare of |- is -^^ Shew me one or two literally. 

tXAMPLB 4. 

SupfokxM 4* d« be gtren, what wiU thethird qfiead)er 

be to complete the &parei ^no. • 

Here the co-efficients- of the lecond m^paber is ^Q^pif of 

b bb ' •', ' 

which is -»• which fqoared. is— -9 fothat^or + ftirwh^ 

bb 
completed is xxg + bx'\r —-• See page 172» Example 4» 

EXAMPLE 5. 

bx bx Mt 

XX + — — when completedt i$xx + — — + 



a '^ a . . 4 #41 

-For half the co-efEcient — is t-^s the fquare of which is 

bb ., . 

^ aa 

Are you fenfible of this? 

Nov. Nothing aj^pears phuner. 

Phi* Since you know fomething of the nature of Inve- 
Itttioni and completing the fquare, I will now give you t 
notion of Evolution diredly. 

3. OF tVOLVTION. 

Evoludon is the reverfe of Jovolutiony and (hews us how- 
to €Xtra£^ the roots of any given power. 

14 EXAMPLES 
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XZAMFLES. 

sx XXXS 

X root XT root.' . 

mxlhcc . txhlM444^ 

X b e root x hh (id root 

OBSERTATIOH 1* 

' When there are feveral quandties in one poWer> then 
confider which of thole powers are periled or pure fquaret' 
of themfeWes ; for ih<>iikLthe firft and ^ird be lb in any 
power raiicd from a bioolninal or refiduali extras the root 
of theCudtwopowetSy adft you haVe the fquare root of 
tbc» lybolc qttantiqr of pow«x« . .Irims, 

xjr-|. 2 je6 4. M fqoare.' 

» -f i foot. 

For the root of tx is«r, andtfaerooc of 32 is d^kbA dtefe 
two conneded are jr + ^» and thefe I finpofe the trae root ; 
KttMndittohelb opontwottials; firftarX ^«sx«^this 
doubled it 2 jr6 the middle term; alfo xArh% t-^h gives 
XX 4- 2 j:6 + &6 the power given. Ajgain, 

X* + 6 XXX + 9 J^J? fquare 
XX + 5 X root. ' 

Alfo fuppofe xxxx— 14 xx^ cc + 49 Vbhh cccc% 
Then xx'^l bb cc root. 
Here are two pure powers, the fquare of which is xx and 
7 W cc ; therefore I conclude xx — bb cc the root, becaufc 
|he;«^iddle member is negatii^r, and the fquare of half its 
co-efEcient gives 49 in the third member. 

Nov. I nnderflabd you well ; but how am I to extrad 
the fquare root of fradbons ? 

Phi. After the fame manner. For, 

OBSERVATION 2* 

If the firft member be a pure power, and the fra^ion alfo, 
you may confider it as a perfedi fquare raifed from a binomi- 
nal or refidual root ; extraft, therefore, the root of the 
numerator for a new numerator, and of the denominator for 
» new denomiiiaton 

EXAMPLES* 

Let XX + 3 4- 1^ fquare 

X + -I root. For 
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For the root of I: is I ; anda: + | X x't^:=ixx + 3x 
+ i-- Again, 

Let xx + S bx -{-^ bb fquare 
^ + -I ^ root. Again, 

• b X . bb f. 
Let XX — — — -I fquare 

X + -— root. 
2a 

See Example 6, in Involution. Alfo, 

Let XX — dx '\r^ dd fquare 

X — l^/joot. 

Do you underfland it ? 

Tyr. Yes, very well, except in one thing, and that 
feems very odd to me. 

Phi. What is that ? 

Nov. Why, I perceive the root of the fraftion? ia 
larger than the firadHon itfelf. 

Phi. Not in every refpeft, neither; for J of iW muft be 
more than -^ ; but I luppofe yon wonder that the fquare root 
of i (hould be ^, which fs more than ^ ttfelf. 

Nov. I do io. 4 

Phi. That the root of every fimple fraftion is greater 
than the fquare itfelf; yoa may fee the reafon of this in 
Dialogue 3, Sedt. 3, Notel^ and Note the 3d, Scft. 4, of, 
the fame Dialogue. 

Nov. But I wi(h jou would demonftrate it. 

Fui. Yoa aik tbmgs, indeed, foreign to the purpoTe ; 
however, t am ready to oblbe you in every thing that may 
be ferviceable : I (hail therefore explain it by decimal frac- 
tions, and you will! fee it at o&ce* Now I fuppofe you 
know in deoimab »25 is ^t ,50 is f , and ,75 is ^ of any 
thing ? 

Nov. Yes, very weB ; for 25 is ^ of 100, 60 is | of 
)0<^ and 75 1 of 100» their refpe^vc denominators*^ 
. Phi. Right :'obferv^/ then, I onlyfet down 25 as it 
flands in whole numbers^ and find the root, thereof 5f 
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the .5, that being a decimal alfo. Now, .5 yott know is 2 : 
by thu yoa fee that the fquare root of firaple fradHons in- 
creafe in value or quantity in proportion to the decreafe of 
roots of whole numoers* 

Nov. I fee it plainly, and I heartily thank you ; but how 
ftall I know when a fquare is not perte^y and how am I to 
aA in fuch a cafe ? 

Phi. That will di(cover itfelf by the foregoing rule, that 
is, if there be not two pure fquares ; or if the double reA- 
angle under the fquares make not the middle term : in /uch 
cafes as thefe you only put this Ggn ( V ) before it, tp^fliew 
it is a furd quantity. For this fign is called the radical figUf 
or the fjgn of irrationality. Thus, «_ 

The fquare root of xi is V xh^ o{ xx -{• dJhV xx •¥ dd. 

Now you fee it is plain xx + (i^/ is a furd, or a quantity 
that is not a perfed Iquare ; for the fquare of x» is ar, and 
the f qnar e ot d d is a\ thefe connefud are* ^rd\ but 

4r + //XJ? + rf=*Jf+ 2 xd'-^- dd; confequently, tfaere^ 
fcrc, XX -¥ dd'issi furd q uantity* So alfo the fquare root of 

XX -¥ 2 xb -^ bbisy/xx-^- SI xb — W, becaufe the fiifl it 
affirmative, and the third negative. 

Again, the fquare root o( xx-^ 5xb + hb is exprefled 

V XX •¥ 5 xb + bB ; becaufe the middle quantity is not jufl 
the double of the produ^s of j; and^. 

And now, Novitius, I will give you a table of the pow- 
ers, apd fhew you the manner or involving thern more 
plainly ; and aflb more of the nature of invefligatioa, by 
way of exercife, [See oppofite page.3 



Here follows the method of invejii^tion or e^roB^ 
ing the roots of all powers. 
THE fquare root havii^ been Ypoken of before, I ftiaS 
here begin with the third power, or cube root And yoa 
ai^ to take notice, Novitius, that in all the following opera- 
tioos whereb c is abote the fecond power, that part n»aft 
berejefted. ' _^ 
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1. Of the Cube Root. 
Let the given number, whofe root is to be extradled, be 
= by and Tet x + e = V ^ 6 : then if you involve x + e 
to the third power^ that is, cube it^ you will have 

.t3 + 3 x*e + 3 ar e* + xxx = h 
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--+xe + e*= -^ 

3 3x 

a;* . . b XX 

4 3 J? 12 
X fh XX 
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Now this method will always hold good in every opera* 
tion, whether you fuppofe x + or — than it really i^, as 
plainly appears froip the next work. For, 

Let X — c =: V 

jS __ 3 a;* e + 3 «¥* — <*=6 
** .. _.* 

X* ^ * »x 

4 ^ 3* 12 

2 "^ "^ 3x 12 
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as before. 
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2. Of the Biquadrate or 4rt Pawer^ 
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3. Cy f^e Sur/oiid or 5tk Power. 

X + e=,V 

a?* + 5jt*(?4. I0i'€* = ft 

— Xf ^ 

10 + 2"'*'**~10x' , 

i*x jpc ^ ' 3 

r6 + 2- + «=io?-8o"' 



- 4- e = JHH 3xa? 
i 10x >~ 80 
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And thus you may proceed to the 7th| Stb, pth, 10tb» 
Sec. powers^ 

Now from a due confideration, Novitius, of the above 

work (for I cannot expe£b you to be perfed in it yet), you 

'may, by^companng the roots thus invedigated, form m»- 

tliods for finding of general theorems to extra6^ the root of 

any higher power without any troubleforoe operation* 

Nov. I (hall like to know that. 

Phi. Obferve, then : firft, let us compare the four laft 
operations, and you will find the fra^ons before x increafe 
uniformly, and that the numerator and denominator of each 
is always unity more added to eaeh. Thus 

ifjyvlf* T^* fr> &c, A:c, as follows 

2 



3x 12 

t: J? + V;T-r- — -r ^•^c 
3 6xr 18 



V" 






. ' 7 so • 



b,: 



6cc. 



So that the^ follow, you fee/ina ferhs |, f , |, ^ |, f, 
f , &C. From hence fouows, 

1 /6 ■ 
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- a: + V — — XX 
4 

- If + V — — art 
5 



5 /^ ■ 

ry « + V— • — arar, &C. &C9 

o 

. OBSERVATION 2. 

Again ; if you compare the power by which b is divided^ 
you will find it iocreded by the continual multiplication of 
X ; and that the co-efKcient of the faid power (fi) is in* 
creafed alfo by the continual addition of 3} 4| 5y 6, 7) 8« 
&c. Hence, thereforei evidently arifes 

— X + V — — xs 
2 3* 



2 . /? 

-, + V-^^ 

5 /2 

.9FSBRVATI0N 3. 

From what has been obferved, it may ea(Hy be convinced, 
that the fraftioo, into which xx is multiplied, is found and 
produced by multiplying half the fradtion annexed to x into 
the whole mCtion annexed to b. Whence follows^ 
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Now in order to dlfcorer a thebremy by which tho foot 
of any power may be eztrad^edi you are to obfer? e as 
follows. 

NOTK l.i ; . . . * ^ 

That the denominator of the (ra£Hon into which x is 
multiplied is always lefs by unity (or l) than the index of 
the^iven poweg and alfb that the numeia^X of the laid 
fradion is lefs by one than the denominator. ^ 

NOTE $• 

That the index of the power of x, by which h is divided« 
is i^ways ^nal to the numerator of the aforcfiudfra^n, 

NOTE 3. 

That the co-efficient of the faid power of or is produced 
by miiltiplying ^ the index of the given ^wer into the 
laid index lefs by 1. 

Lailly, The fradion into which xx b multiplied is the 
produ^of •}•, the frad^ion annexed to k, and the whole nu- 
jneHcal fraSion annexed to b» 

EXAMPLE. 

Ldt the theorem of the \/o be required, thenv 
by Note 1, 29-1 = ^^^^^/^ 

And 
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And bj Note 2, follows 

b 

By the tliird Note, i^x 90— 1 39 435, theitfofi 
TTT—n* And 

^ 29 435 126I5* 

The theorem, then, when cx>iiipletid» >> r^ ' "f" 

Let the theorem of vb bere^wcdi 
Tj.^ 11 1 = 10 

^12 1 =11 



«"» 



3dly. 6 X 12 — 1 = 66t whidi oon^eted,. 

U ' + ^^P= "".726 ** = ^^^^ 

From a little obTenratioQ and pradice* NoYitius, yon . 
may, from thefe examples, improve yourfelf further in thefe 
things. 

Nov, I could do it the better, if you. would pleafe to 
work me a few problems* 

Phi. I willy and fet a few for a trial. 

Here follow ten Problems, (hewing the manner of com« 
plating the fquare, and extra^ing the roots thereof. 

PROBLEM I. 

There m-e three numbers m-rr; the mean is 9, and the d^er^ 
ence of the extremes is 24* / demand the numbers f 
1 X for the leis eKtreme,^ 
'2 ar 4- 24f the greater, 
3 xf 4- 24 ;p their produfl (Q.)» 

1^1 f 



APPEMDIZ. Tftf 

^x 4. 24 jr =: 81 the D of the meami 
Now X being found with the co.efficient 24 beforf it, 
you mufl fird complete the fquare before 3^a cm 
tell die value ofx ; thus, uke|- the co-efficient, viz* 
12» whofe fquare is 1449 put it on bodi fidet of the 
equatiohy dren it will be* 
5 xx+24jr 4. 144 = 814. 144 =±£25. Then 

g a? = V'SSJ via. 15 — V'l^f TO- 12=:3. 
jrfit/I left mimbtf. 
4: 4. 24= !^ the greater. , 

PROOF 

3 : 9 : : 27 ^ 81. For 3 X 27 = 9 X 9^ ^ 

PROBXEM II« 

^ certain number tf young rakes agteed to kaoe an 'eoen" 
ing*sfroUck at a country fairy and went into (tn im ortODern^ 
9nd aiCLOnd drank frcdg; hut upon caUiagfor the reckMoi^ 
Cwhkkamountedji^to7p<nmds)/four^ tiemfneakedauiajif 
hy^kici means tkqfe left were obliged to pay IO9. a fnece 
more. I demand ike number atfirfi^ and the number left f 
1 arNo.atfirft, 

150 

2 the {hare of each, . , 

* .•■• ■■••*•■ 

3 X — 4 thofe left, 
i^Oumofthofeleft, 

X 1i 



5 
6 



d?-4 . » 

,^/. .^ .r. 150*— 600 
150 — 10 X + 40 = — 



X 

7 150 a? — 10 xr 4. 40 i = 150 or — 6OO. Or 

8 10 *a? 4. 40 0? = 600. That is, -f- 10 

9 I xr 4. 4 X c=: 60. Now C n ytz. completiog the 
fquare, 

.10* xx-4-4«4.4=3 60 4.4=: 64, 
11 , * =5 y/^ 4- yT =s 10, the number at firfl, 

* N. B. I {!?• thii ai 000 (Uneial rule for dl tlie other ezamplei. 

|12J 
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12 * — 4 s=: 6,thofcl€ft. Or 

13 « ss ^Isi — yT = 6, thofc IcfL 

ptoor. 
10 perfbns at 15*. each = 150*. = ?£' 10a 
6 perioDS at 25i« each = 150«. =s 7;^* lOf. 

PROBLEM in* 

ITAa/ number is thaty from uhofi dtiuhk 10 hting fuk^ 
tra&ed, thefqmre of the remamdif Irf* l uMheijt^tQ 7 
times the /aid numbtr f 

1 I « for the Dumber | ' 

2 X — lOwhofeDis 

3 4Arx~40X4. 100. Then (ft.) 

4 4«r— >40«+ 100 — 1 (or99)=:7«* Thatil, 

5 4«r— 47 x=: — 99. Then -f. 4 

6 dRVll.75« = — 24.75CD,or ratherinthis caffi 

add the fquare of \ die co^cient of i? to II •75f 
you wiJl have 

7 jy 4- 3 4 .61 5625 x =i g4 .75, viR 

8 X = v^34 .515625 = vS4 .75, the dificrence, viz. 
9.765625. That is, 

J = 5 .875 + 3 .125 = 9> the number, 

PROOF. 

9X 2=18 — 10= 8. N6w 8 X 8 = 64— lis=: 

63 = 7 X 9- 

PROBLEM ir. 

A, executor to ^, finds among other things a promijfflay 
joint note of 17 ^£* due from C and D, and makes a demand 
of it ; but C and D not being able direttly to pa^ it, ittvas 
agreed upon to take it as follows : C teas to pay B£* ecery 
day ; and B was to pay i£. thefirji day, iv:o tie 2rf, three 
the 3d, Sec. I demand in hoxc long time the debt vUlbepaid f 

|1| 
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X for the days or time ; 

8 X the number of pounds paid by C ; 

XX '\- X 

■ =: to what B pays, and their fum 



2 

XX J^ X 



= 8 X = 174. 



jca: + X + I6 X = 348x C D 

XX +_l7£Jh 72 .25 = 4 20 .25. i 

X vAsO .25 = 20.5 — \/ 72 .25 -^^.5^=: 

12 days. So that A paid 96^., and D 78;^. 



PfiOBLEM 7. 

T-^^re M afield in the form of a regular j^ 
paralklogram A B C D ; the (ength ex^ 
ceeds the breadth bj/ l6 rods or perches ^ 
€nd it contains 96O fquare rods. J rfe- 
mand the length and breadth of the f eld ? 

X for the breadth, 
2 jp 4. 16 the length* 

XX 4. i6xare(Q.) 

XX + l6x=960Cn 

jtaT + 1 6' X -t- < )4 s= .960 + 64 = 1024 . 

6 J? .= V 1024 — vTSS. = 24 breadth. 

7 a? + 16 =40 length, 




3 
4 
15 



PROBLEM VX« 

ij cartain gentleman had in 
iisgjfdcn a fountain^ in the 
tniddk ofwhichjlands a lion : a 
at vnAual diflances from the 
cent re vf the fountain he built 
two temples^ A and B, u'hqfe 
bafes D e C are in a horizon- ^q 
talpbine, 'or etpi with the, 
head of the lion at e. The ^ 



K 



y\ 



r^x 



/y 



11- 

Si 



c. 



height of the temple AD is 57 feetyand\BC 76, and the 

'i .dijlance 
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difiance hetwem them (xiz. T^C) u 11^ feet. Now t!k 
head of the Hon (at e) u eqidrdi^ani from the top of each 
temple : I demand the diftancefrom the lion to the bqfe cf 
the temples f 

Solution, 

1 f X for the lead diflance e C, and let r — x =: D « 

2 nn + xx=zyy per figure, and (47, 1 Euc) 

3 A6 ^- rr — 2 rx + xx= yy per figure 

4 ntt = l>h -^ rr — 2 rx 

5 nn 4- 2 rx = W 4- rr 

6 2rx = 6A-|-rr — nn 



7 
8 



2r 
114— Jf =68 iV 



Siun 114 

So that the diftance from the lion at x, to the teoiple 
C Bj is 45 {^ feet, and from the temple D A 68 -^ feet. 

Here follow a few more (^ueftions to exercife the leamec*. 

PROBLBM Til* 

There itapiece ofgrmmdABCB J^ 
in the form of a paraUekgrant, the 
length is three times the breadth: 



this piece of ground is defigned for n 

two^ gardens; the length of the ^ 
kitchen garden Ceis IB rods, and the content of this 
garden D B e is 120. /demand the length and h~^ 
the whole ground f 




1 

2 
3 
4 




Solution, 
Pat X for the breadth. 
And 3 X will he the lengUi. 
Then 18 « is the content of the kitchen gaiden. 
Therefore 3 x% the content of the whole, ±=s IS x 

+ 120, 
Andx» = 6*» 4- 40. 

* TKe folutioDi to Prob. 7, 8, 9, and 10, ire giftnhj the E^tor. 

|0| 
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'VeiThen** — 6jc=!40, 

1 7 1 Alfo «* — 6 « + 9 = 40 + 9 = 49. 
jSJTheni! — 3 = 7. Whence a? = 10, the breadth. 
} • ! Coniequeotly 3 x = 30, the length. 

PROBLEM Till. 

There are two lines^ A and^^ in fuch proportion ^ that the 
double of A with the triple of B makes 60, but triple the 
Square of A, with double thefquare of B, makes 875. IVhap 
ia the laigth of the Unes A and B ? 

. Solution, 

1 Put X fof the length of B ; 

2 Then = 30 — — is that of A, 

2 2 

3 And 2**. 

27 a:* 

4 Then 2700 — 270 at + -^ ; 

5 Therefore -^ 270 x + 2700 = 875 ; 

4. 

6 Alfo 35 «<* — 1080 « + 10800 = 3500, 

7 And 35 X* — 1080 a;= 3500 — 10800=— 7300. 

8 Then7a?*— 216* = — 1460, 

- A J _* 2l6ar 1460 

And or* -— = --; 

7 7 ^ 

10 Therefore** — - H 77- = 5— + 

7 49 7 

11664 1444 

49 ~ 49 V 

108 38 . , ,. 108 — 38 
11,: Whence X -- = — 5 therefore *= ^— 

' Sx 
= 10, the length of the line B, and 30 r- = 

15, the length of the line A. 

VROILBM 



19S AfFSNDIX. 



P&OBLSM IX. 

There it a certain number confiJHngqf2jigures^midit 

is equal to 4 times thejum of its digits (tiz» thtfumeftkt 

ftjigvrcsj : and if you add 18 ^o the number^ the digits vM 

be inverted^ viz. the ^firji figure xcilljland Iqfl, and the lajt 

Jitft. I demand the number f 

Solution, 

Put y for the figure in the units. 

And X that in die tens. 

Then 10j^+x=4 jr 4. 4y; 

Therefore 6 5/ = 3 I?; aifox = 2y; 

And^Oy+y^ lOjf + 2^+ 18. 

Then 21i^ — 12j^ = 18. 

18 
Whence y = — = 2, and x =4. 

Confequently 24, the number required. 



1 

2 
o 

4 

6 



PROOF* 



2 + 4 X 4 = 24 + 18 = 42- 

PROBLEM X. 

I happen d one evening with a tinker to Jit, 
Whofe tongue ran a great deal too f aft for his rvit ; 
lie talked of his art with abundance of mettle ; 
Then J qfk'd him to make me a^ftat-bottbm' d kettle^ 
The top and the bottom diameter to be 
In fuchjuft proportion asfice is to three :. 
l\L}elv£ inches the depth I proposed, and no more^ 
And to hold in ale gallons feven lefs than afcore. 
He promts d to do it, and forthwith to work went ; 
But when he had done it, he found 'twas too f cant: 
He alter d it then, hut too big he has made it; 
For tho* it holds right, the diameters fail it: 
Thus making it often too big and too little. 
The poor tinker at Iqft had quite fpoil'd his kettle; 



But 



Sad^^fware that ke^d bring his /aid purpoje topqfip 
Or dfe he would fpoil eoerj/iouHce of hit brafs : 
Now to ke^ him from ruin^ I fray find him (m^ 
. The diameter's lengthy for he'll neer do't, I doubts 

I have gifea the foHowiog rale to render thij problem 
moreeafy, 

• f ... 

* ' Solution. 

To triple the produft of the top and bottom diameters^ 
idd the (quare of their difference ; multiply that fum by the 
height (or depth) ; then divide the laft produa: by 1077 .IS 
for xhQ ale gallons. Put 3 x and 5 x for the two required 
diameters of the kettle ; then> by the above rule, we have 

— — — — == the content in ale gallons, which by the 

.qucftionmuftbe 13; therefore 49 a:*X 12= 13X 1077.15f 

% 1. *, o • 13X1077.15 • ,, 13 X 1077.15 

Nvhehce x = ->andj?=v ^ ■ :=3 

49 X 12 ' 49 X 12 

4 .88003 inches, and3 x= 14 .64009 ; therefore 5 4? =3 
24.40015, the diameters required* 

N. B. This queftion was fent to the author about two 
years aga; and you have the fame uumbers, with very little 
alteration of the words. 

Thus, Novitius> I hope you will be Idnd to young Tjrrot 
and inftrud him in all that lies in your power, as I have 
been wanting in nothing that might be of fervice to you. 

Nov. Sir, you may depend upon it ; and permit me to afk 
jou but one thing more, and I will trouble you no longer* 

Phu What is that, pray? 

Nov. Only to give me the work of the different con« 
tent of a piece of timber or (lone in the form of a cylinder^ 
and parallelopiped, for fome fay there b no difference at alL 

Pflu 'Tis a common miftake, but there are very near 5 j> 
feet difference, fJovitius ; the content of the regular paral« 
lelppiped being jufi 20 feet, and the cylind^ 25 feet ^. 

K But 



fiat pny, Novitias» let me know the reafbn df ^oar a&tfil; 
this queftion, for you feem to be very earoeft ahoitt it? 

Nov. To tell you the truth, tben» Sir, there was fome 
fmall difpte between two or three of us ooaceroing ic ; btft 
I could not make them fenfible there is aay di&reiice at 
all. 

Phi. But why did you not work them both by figures, 
and that would have convinced them I 

Nov. I did, and made it the fame as you do ; but they 
would not be fatisfied with that, which occafidiied a Cnau 
bet between us, to be left to your determination. 

Phi. If you did it the right way, furely they could not 
be fo ignorant ! Let me fee the method of your doing it ? 

Nov. Firfl, for the fquare tree, that being 48 inches cir- 
cumference, confequently has 12 inches on every fide* 
Now 12 multiplied by 12 makes 144, the fuperficiai con-> 
tent ; and thismultipbed by 20, the length, 8 divided by 144> 
gives juft 20 feet, tne content. 

Ph f. Very right ; and how did you proceed with the 
cylinder? 

Nov. A cylinder having a circle for its bafe (and being 
48 inches circuQiference), I find firft the diameter (48) to 
the diameter (T5.2788 inches). Then to find the fuper- 
ficiai content at the end, I multiply half the diameter (viz» 
7 .6394) by half the circumference (viz. 24), which gives 
183 .3456 mches, the area at the end. This divided, by 
144 gives 1.2732 feet; and this multiplied by 20, the 
length, gives 25 .464 folid feet, which is nearly 25-^9 as 
you obferved before 

Phi, Very rightly performed; and would not this fatisfy 
them, do you fay ? 

Nov. No, indeed; they fav all the calculated tables in 
timber meafure prove the contrary : fo, as I obferved be- 
fore, it is left to you to decide. 

Phi. To oblige you, Novitius, I will fliew you, by and 
by, a' method that will not fail to convince them. But, 
firft, I Wilitell you the reafon of this common error; for 
you muft ^ote you are not the only- perfon that has been 

witnels 



/ 

i 

ivlineCs to this folly. As to all the fet tables, tliey are 
calculated for fquare-fided timber only, according to cuflom 
(for we are not to fuppofe every pretended meauirer a geo- 
metrician), and in this the pen and the tables^ will agree : and 
the reafbn is this, they girt the tree round, then take the 
fourth part of that circumference (vulgarly called the gir^ 
. by fome)^ and multiply it by itfelf, then by the length oJF 
the tree ; after which they divide it by 144, and it gives 
the content in folid feet; but then, as I faid. before, it is 
only for fquare-fided timber that this method holds gGjd* 
For of all other (haped timber the content will be more or 
lefs, as I fhall demonftrate hereafter, that v^'iH not fail, I ha 
iieve, to convince your friends of their error. 

If, indeed, the Ixiyer and feller agree accordlag to a cus- 
tomary way of meafuring any thing, we have no bufineis 
to meddle ; but when we are called upon to do juflice be- 
tween both, we mud then proceed according to the jufl 
rules of arithmetic, which ought not in any relped to give 
way to things introduced merely by prejudiced ignorance^ 
which may very well be called the nurie of idle (Cuflom^ 
as yoii may fee in a feries of indances befides the cafe be« 
ibre us. But to give one only. 

I have heard a great many pretended meafurers afRrm, 
diat, taJce a round piece of timber, and let four flabs be fawed 
off it, and even then it will contain more folid feet than it 
did before. The Engliih of which is, if I give jrou two- 
pence out of a fhilUng, I (hall then have 14(/* in hand. 
What Oupidity is here ! Again, in a fquare tree 48 inches 
round, it is plain one fide is but 12 inches; but in a round 
tree that is 48 inches circumference, the fide of a fquare 
equal thereto will be 134- inches,* but the infcribed fquare' 
will be on each fide but about 10 -^ inches. 

However, I (hall leave arithmetic, apd demonftrate it by 
ope plain geometrical figure only, which I never knew fail 
to convince this fort of pepple ; becaufe they can fee ^ho 
reafon of it directly upon looking at the fcheme. 

* Find the airea of the circle, and extract the (ji^uare ropt (jbereof, 
gives 4he £de of the f^uaie equal to the circle. 

K 2 VmonJlrM- 
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Dcmamfiration, 

As It has been proved that a circle 48 inches circirau 
ference is 15 .2788 diameter, the femi-diameter mud be 
7* 6394. From any fcale of equal parts, therefore, take off 
with your compafles 7* 6 inches, and from C, the center, 
deicribe the circle A, A» A, A, whofe circumference will 
then.be 48. Then from the &me fcale take o£F 12| and 
mtk^-Aiis the fide of a J^ 

fquare ; then complete -p -•• ""*"•- 

the Ibuare B, B, B, B, ^ 
whofe perimeter will 
alfo be 48 inches. 
Now fuppoiing this / 
fquare to be laid upon a i. 
tne circle, does it not : 
evidently appear by the \ 
figure itfelf, that the 
are<i or fuperficial con- 
tent of the circle is 1 ^ 

larger than the fquare ? ^ ''"' ^ 

for though the fquare A 

hangs over the circle at th^ points B, B, B, B, yet the 4 
areas or fegments of the circle A, A, A, A, are each of 
them larger than the former, Confequently, therefore, the 
area of a circle is larger than the area of a fquare whofe 
perimeter is equal to the circumference of the circle ; and 
if the fuperficial content be greater, it is out of difpute that 
the folid content is alfo greater. 

Nov. This is a plain demonflration, indeed ! 

Phi. To be fure it is much the eafiefl way ; for fuch as 
are ignorant of the fquare and tube root only think you are 
impofing upon them when you work fuch queftions at large ; 
but here they are convinced diredlly. 

Nov. They are fo. 

Phi. From hence then it is evident that a circle is larger 
in area than any other figure having the fame circumference. 
And all polygons are nearer the area of the circle according 
to the number of fides (as a triangle, fquare, pentagon, 

hexagon. 



hexagon, &c. &c. &c.) ; for the more the fides the nearer 
the circle i hat thev ne? er can be ouite fo, for this reafon, be- 
caufe a curve line is longer than a Uraight one. Again, 

You are to obferve, that the fide of the infcrihed fquare 
(in tjtie aforefaid circle) will be 10 .8 inches^ and its content 
16.212S4 feet; and the content of the circumfcribed 
fquare will be jufl the double, viz. 32 .42448 feet : the 
content of the triangle (48 inches round) 15 .4 feet* Thai 
^ of the fquare juft 20, that of the hexagon 23 feet. 

N0T4 Dear Philomathes, I heartily thank you* 

Phi. You art heartily welcome, only do you communi- 
cate to Tyruttculus what I have jJiewn you ; for if I fee you 
both diligent, ] intend (as fooh as I have done with young 
Tyro in qommbo Arithnactlc) to ioftrud yoxx in the nidi- 
snents of Geography and the Ufe 6f the Globes. ' In the 
mean time» Novitius, I bid you a helrty &rewelL 

No y . Sifi I am your obliged humble iernmii 
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QUESTION III* 

Extras tie root of' a* + x^ in an infinite/erics. 

Solution. 
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St^P?LEMBM•F• SOI 

QUtSTlON IT, 

SoiuHan, 

^ — Sn 
From the firft equation> x =: ^ ■ > 

And from the fecond, x =: — 5 

5 

^ -. , 2S — 3y 10+ Sjf 
CoBieqoently — ^ = jr— • 

Or 115 -* 15^=20+ 4y, 

Or 19^ = 115-^20=95; • 

Thati9,, = ?|=5, 

. . 23 — 15 ^ 

/Vndx= -: — =r4. 

2 

QUESTION V. 

^»^ ^3xi^J=^2} *<^M^^^y* 

Solution. 
From the firfl equation, a? = 17 — 2y, 
And this value fubdituted for x in the fecond>^ gJTC^ 
(17 — 2j/) v3— y =2. 
Or 51 — 6,/— j^ = 2, or 51 — 7y = 2; 

That is, 7 j^ = 51 — 2 = 49^ 

4Q 
Hence5^ = -~=7>anda?s=17— 2^ = 17 — 14=a& 

aUESTION ▼!• 

_^ j^+ z = 29l 
Given ^ x + 2j^+32=:62^ tojindxp y, a»a z« • 



Cxj^y+ z = 29l 
^ x + 2j^+32=:62^ 

U^+ iy+ i2=10j 
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£00 ^TTPPLBitiirr. 

QUESTION III* 

Extras the root of a* + x^ in an infinite /erics. 

Solution. 

fl + «* (a + -—r + 7F-T— r&C 



o* 



Sa Sa^ ^ 16 a* 128a' 






a 8 a'/ 4 a* 



4 a» 8 a* ■** 64 a* 



^a 8«* /8 a* 64 a^ 



5x* 

8CC0 



64 a^ 
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SVP?LEMBM<F. SOI 

QUtSTlON IT, 

Solutum, 

23 — 3!r 
Trom the firft equation, x = _ ■■> 

And from the fecond, « = — 5 

5 

Coiileqoently — - — ^ = — -• 

Or 115—' 15^ = 20+ 4y, 
Or 19^ = 115-^20=95; 

Thati9,,=:?|=5, 

. . 23 — 15 ^ 

Andx= — r — =r4. 

2 

QUESTION V. 

Solution. 
From the firft equation, a? = 17 — 2 y. 
And this value fubdituted for x in the fecond>^ &y^ 
(17 — 2j/) v3— y =2. 
Or 51 — 6./— j^ = 2, or 51 — 7y = 2; 

That is,7j^=51 —2 = 49- 

49 
Hence5^ = — =7> and a? = 17— 2^ = 17 — 14=a& 



aUESTION ▼!• 

,. i^+ 2 = 291 
Gwen ^ x + 2j^+32=:62^ tofinax, y, a»a z« 



r 0?^ 5^+ 2 = 291 
< x + 2j^+32=:62^ 
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Solution* 
From the firft, * ==: 29 — ^ — z, 
From the fecond, x = 62 — 2j( — 3z# 
From the third, jr =: 20 — |. — ^r. 
Whence 29 — y ^z=:62 — 2y — 3 z. 
And 29 — jf — » = 20 — fj^ — i» ; 
Alfo from the firft of thcfe, jr = 33 — 2 2, 
And from the fecond, jr = 27 — f », 
Therefore 33 — ? « = 27 — ^z, or » =^ 12 : 
Then y = 33 — 2 » = 9, 
And x = 29=jr — « = 8. 

QUESTION VII. 

i?nj«i -< fr + ij' + |z = 47 f ^o^ni x, jr, andz^ 
(i^-f iJ' + i« = 38j 

Firft> the given equations, cleared of fradlions, become 

12 x+ Sy J^ 6zz=2 1488 

20 J + 15 y + 12 a; ^;= 2820 

30x + 24^ + 20 a = 456'0 

and if the fecond of thefe equations be fubtrafted from 

double the firfl, and 3 times the third from 5 times the 

fecond, we (hall have 

4j^ j»=156 

10*4- 3 J' = 420 

And again ; If the fecond of thefe be fubtradled from 3 times 

the firft, it will give 

48 *' 
12 X —10 j: = 468 — 420, or a: = — = 24, 

^..^ r ,.^ . r^ J 1488 — 8v — 12r 
Therefore y= 156 — 4x=n60, and xr=: ^ 

o 

= 120. 

qOESTION VIII. 

Givtn ;if* — 6 X ^ 8 = 80, tojind x. 

Solution, 
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^ Solution, 

Firft 07* — 6 x=: SO — 8 3= 72, by traofpoCtion ; 
Then x^ — 6 a? + 9 == 72 + 9==: 81, by completing the 

fquare ; 
Whence x — 3=v/8l = 9>by extradting the root, 
And 0: = ^+ 3 = 12- 

QUESTION IX. 

Given 2 ar» + 8 X — 20 = 70, tojindx. 

Solution. 
Firft 2 J?* 4- 8 X = 70 + 20,= 90, by tranfpofition ; 
Whence x* + 4 a; = 45, by dividing by 2 ; 
Then x* -|- 4 j? 4- 4 = 49> by completing the fquire j 
And X + 2 =: ^49 = 7> by extra<^ing the root i 
Confequently x = 7 — 2 = 5. 

^ QUESTION X, 

Givtn 3.1?* — 3 j: + 6 = 54-> tojinix* 

Solution. 
Ftrft x^ — X — 2 = 1|, by dividing by 3 5 
Then X* — j: == J| — 2, by tranfpofition. 

And *• — X + i = 1^ ~ 2 + i = ^, by completinf 

the fquare ; 

Therefore ar — 4- = y -^ = f, by evolution : 

Whence f=s|-4.-|=f,the anfwer. 

QUBS^TION XI. 

' Old Darhy bought a pretttf ioi/fiy 
To Urcin at hit eq/f, 
At the defire ofJo(m, kisfpoufe^ 

Wkof(i he (imtiysfivave to. pkafe ; 
But death foonfnatch'd them both avU^ 
' ToUeel^fiaiiboaW; 
And Datbv lejt his ho^fei theyfay^ 
To Hmlgef who blefi the hour 

K 6 nai 
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That fortune kadfojmtdtipan 

Him m the timt ofneed^ 
Becamfekekad'^O.jUfynkmf 

Spent all he had, indeed. 
By tku extravagance^ toejind. 

The koufe xms qukklyfold 
Torjvji three fourths of what it cqfi^ 

Clocking to behold ! 
His debtors fioamCd about Wee bees ; 

Three c^' them. Ay B^C^ 
Now trill be paidy or eife to gaol 

They fend him infiantly. 
And landlord SwUltub does prote/t^ 

Unltfs h^U pay hisfcorcy 
For ale and liquor of the befij 

HefhaiCt haoe freedom more ; 
But rot in g&ol,for ought he cares : 

Hoto hard-hearted landlords be ! 
Their tempting baits and dainty wares 

Bring men to poverty, 
Hodge being feiz^dy no more could doy 

But pay to debtors, three. 
One third, two ninths, three ffteenths^fo 

He paid A, J5, and C. 
One fifth to Swilltub likewife paid : 

When qf thefefums bereft. 
Three pounds, fix Jhillings, and eight pence^ 

Was all that Hodge had left, 
Still, fiUl perplext with clamorous din 

For dribbling debts was he. 
Till ev^ry farthing's paid and gone* 

Now, Tyro, tell to me 
What cajli the houfe was fold for too ; 

What Darby paid likewife 
For it — all this with eafe you*ll do^ 
jind to Mount Science rife. 

Solution^ 



svprLtliiiit* 



Q05 



1 

IS 



1 =52 +3, per ^t!. 

4 X 15 
5X3 

6 f and — 



Solution. 
X for whai tbe houfe was fold for, 

- 4- — J. — - 4. - what he paid, 
3^ 9 15^^ *^ 



10 






what be bad left. 



X Qx 3x it 10 

''— 3'^T'*"t5"*'5+ 3 

lOx 

I5x = 5a?+ -^ +3a: + 3j?=:50 

6J45x=3l5a?+ I0j:+18a?=:150 

2 a?= 150, whented:=— = 75;^. 

tbe price the honfe was fold for i 
confeqaently cod 100;^, 



QUESTION XJI* 

For the Ladies. 
Old John, CD^ lutd m credit Hv'df 
Tho* now reduc*df ajnm received i 
This luikey kifs nofoonerfotmd^ 
Than dam'rous duns came/waninng rofmd. 
To the landlord^ baker, many more, 
John paid in all jiownd^ ninety-four : 
Half'' what was left a friend he lent ; 
On Joan andfelj oiiejfth hejpent ; 
Andtbhen of all thefejhms bereft. 
One tenth the Jim receit/d had leftm * 
JVbtt) try yourJkili,ye learned fair, 
Ahd to the'vjorld thatfnnt dedart, 

" ' Solution, 

1 lifoflhefumleft, 
94palJ, - 



2 
3 



^—94 



2 



' le&t, 



I4| 



206 
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1=2+3+4+5 

6 X 10 

7 (p 



5 

6 
7 

8 



* — 94 



fo '^f'' 



fpentf 



— /%* *— 94 . * — 94 X 



.10x=r940:f 5x-.470+.2x — 
l80+* 
10« — 8 x = 940 — 658, or r:^ 

--- = 141, the fum bc- 
2 

queathed. 

QUESTION XIIU 

Required two numbers^ in the ratiO' of 5 to 9^ whofe 

difference is 4Bf 

Sohitian, 

Let 5 ar and 9 .r be the two numbers ; then g xz=z 5x + 

48 ; whence by ^ 9 x — 5 x=:48, or 4x = 48; confequent- 

48 
ly X = — = 12 ; whence 5 * and 9 x = 60 and 108, the 

numbers required. 

QUESTION xiv. 

Says A to B, give me two of your crowns, and I Jhall 
have twice as many as you will hate left. Replied B, a?id if 
you give me two ofyour*Sy I Jhall have as many as you will 
have left. How many had each ? 

Solutiott. 
Let X and y be what A and B had ; (ays A, give me 2, 
then A had x + 2> and By — 2 ; but A's quantity now 
was double that of B's, that is, «+2=y — 2X 2 = 
fl y — 4 ; whence by9;r==2 y — 4 — 2=2 y — 6, 
which fubftitute for x, then A's quantity becomes 2y — 6 ; 
but fays B, give me 2 of your's, and our fums are equal, 
that is, 2 ^ — 6 — 2 p= y + 2 f, and we have 2y — y 



r= y = 2 .+ 6 4- 2 = 10, the quantity of B, and 2 y — 6 
= 14, that of A. 

QUESTION XT, 

A bought 30 yards of linen y and B bought 60, which toge- 
ther came to S£. 5s, ; again, A bought 50 and B 50, each 
paying the fame price as before; and then they paid 10£, for 
it. Query, what that price was per yard f 

Solution. 

Let X be the price A paid per yard» and y that of B ; 

then 30 X +60 y z=i 16*.5«., and 50 x ^ 50 y =: 200, 

Take 30 tiroes the lad equation from 50 times the firit, 

2250 

and we have 1500 y = 2250 ; whence y = « = 4 = 

^ 1500 ^ 

Is. 6d.y the price B paid per yard ; whence A: is readily found, 

from either the iirfl or fecond equation, to be equal 2«. 6c/.y 

the price A paid per yard. 

QUESTION XVI. 

A corn fa^or iought 123 bti/hels of wheat, and as many 
hujhels of barley as 26 bujhels of wheat coji him Jhillings, 
Now he ohferxed that 3 bujhels of wheat coft eight Jhillings 
more than 5 bti/hels of barley, and what he laid out amounted 
to fifty guineas. What did he give for one bufliel of each ? 

Solution. 
Putw: — the price of the wheat per bufhel ; then 123 w 
= the price of the whole, and 26 w what the barley cof(, 

ajad — - the price of one bufhel of barley: hence 

3 w — 8 ^^ 78 «;* — 208 w . , , , , ^ 
— — — X 2o ^ = 7 y the whole pnce of 

, , , ^- - , 78w* — 208ip^ 
ihe barley. Confequently — : — + 123 w = 

1050^.; this equation X by 5, becomes 78 to^ ^o- 
20^ w 4- 6l5 10 =3 5250 ; that is, 78 w* + 407 a? = 

and 



5K)8 SUfrLSUKNT. 

«mi«,*i,.w*^» . ^^7n 163649 5250 163649 

and wc hate ur 4. ,^— + s = + ? 

^ 78 ^ 24336 78 ^ 24336 

s= — oiqqfi * Extrad the □ root on both fides the equa> 

a . 407 1343. ^ V 1343—407 
lion, and« + ^55=-^^. w hence «.= — ^ 

= & , the price of the wheat, and 6x3-^8-7-5=: 2#.* 
the price of the barley. 

QUESTIOlt XTII. 

Haw brides and brUkgrooms ages difitgrte^ 
The following cafe refoiv*d will let you fee : 
Nine times the hujban^s age^ as late appeared. 
Was equal to the hufy's age tchen fquar^ d. 
Take twice her age from his, andyoujhallfikd 
ThatjvfiJixteenJhaU then remtm behind. 

Solution. 
Put X for thelady's age, confequently 2 x + I6 that of the 

hufband, and xXx = 2x4- l()X9per queftion, that 
is, x*= 18 X + 144 ; whence j* — 18 x= 144 Cq, and 
X* — 18 X + 81 =a 144 4- 81 = 226. Extra6l the root 
on both fides the equation, and x — 9 = 13, whence x 
r= 15 + 9 =24, the lady's age; confequently 24 X 2 + 
16 = 64, that of her hufband's, 

QUESTION xviii. 
There are tvx) numbers tch of € difference w 15, and the 
fqvare of the great ejl exceeds that oj the leajl bi/75» What 
are the two numbers f 

Seltition, 
Let X and x + 1 5 reprefent the two required numbers, 

then X 4. 15* = x* 4. 30 x + 225 r=: x^ ^7^ per quef- 
tion. By taking x* from each fide the equation, and^ 225^ 
we get 30 X == 75 — 225 = — 15, whence x = — 

15a 

"30 



150 

30 
grtateft. 



•^=5^— 5, the feafir number, and — 5 + 15 = 10, the 



• QUESriON XIX. 

Long have I hien in fad difirefs 
Fur toimt cf blooming bonny Seji ; 
Fxe flajf^ my part witk all my^illy 
' Tb purchafe her or her good wii. 
But, ah ! toofooRy alas I Ijindy 
To DkkJhe^s.tMtey t9 fUemiUnd. 
^ bjfy btadey (^ talents rttre^ 
WhokfQestt}fi^txLhdple(\f%tkifi^ry . 
A letter he to me htufnit^ 
InwJuchis/urciy/omething meanti. 
Alt ail's u mfj^rjf tmiome^ 
Ifitck a Jetter n?er vUd Jke,, 
So t iniphre you tl froth belats 
Tke purport of tMs kttarJkMk 

V* 4- V J 4- spy 4. vz sss 1^0 
X^ ^ XV ^ xy J^' xz "=: 80d ,. 
y* ^ yv J^ yx + yz = 200 
2* 4. ^ 4''2# -f| zy 3= 440 
Where mtk the help (^an articky hefaysy ^ ir> jr, smi Xp 
denote, the letters in the alphabet compqfing his refu^* 

Solution. 



•quatioo divide the four cjiven equations^ 

4 = D, j?= 20 = U, y=5 = E, andzacll 
confequently Mr. Dick requires a duel. 

QUESTION XX, 

What ftm of money hi pound's and JhUlings is that whojh, 

half'isjult the revere f 

Solution, 



a » 



^10 •trtfLIMlKT. 

SohUioH. 
Let j:= the Dollar of poandstaad jf that of Ae (hilfiogs ; 

then per ipeilioa "^-^ =20 j + x ; thuxhy 2f be* 

comes 20 '-I- jf =s 40j 4.2xby^aod-> ISxsedpjr, orj; 

= —jT = ~^> ^' ™^ be a whole nomber; hencejr = 6 

asd X = 13. Coofequeotly 13^» 6#.> the fum re^uiredi 
whoTehalf ii6;^,]3t. 

QUI8T10N XZI. 

To find X and y from thefoUawmg e^tationtj hyquadratia; 
«* J + *»y*=« = 4609. ^— x'==jity* jr. ii=36fi9841206. 

Solution. 
If 5^ be wrote for jr, the firft equation becomes 6' v^ -(- 
^* ^^ = w, and the fecond ^* — i» 5^ == iy*^ «. if this 
fecond equation be tranfpofed» and -f- y* 6^ + bn z=sl$ 



971 

from wh ich 6 = .01 5S7> and y = 



4s=21«andj; 

= d/ = 7 } confequcntly 21 and 7 are the numbers 
requiredt 

QUESTIOK XXIP. 

. Reqttired three numbers in geometrical progreffion^ xvhofe 
fum is 52 (a J and the fum of their fquares 1+56 (hj. 

Solution. 
Let the three numbers be x, y, and z ; then by the qucf- 
tionx +y +z:=zafy anda: + z=a — y; Qboth fides, 
and X* + 2 xz 4- z* = a* — 2 ay + y* ; but by the nature 
of Geometrical Progreffion, xz = y* by uking xzor y^ from 
each fide the equation, and puttln^j^'ibrits equal, «* + j^* + 
«* = a'' — 2 flj/ ; but x' -fy* + 2» = 6 : uke this equation from 
the former, and a^ — h — ^2ay:=io ; whence Slay:=.a^ 

— 6, or V = = 12, the mean ; then we Ihall have 

' ^ 2 a 

X + z = 52 — "12 = 40 (2 (f), and x* 4- z* = 1456 — 
^ 144 



aUFFLSMINT* ^^^ \ 

144= 1312(e). Tofindxand2,letrf — vandtf+v=jr 
and z, the fura of their fcjoarcs is 2 <^ + 2 v* = « per qvief- 

tion ; whence t? = v^ ^-^^^^^^ = l6 ; confequcntly the 

extremes 4 and 36. 

QUKSTION ZXIII. 

/ fc^/a// ajtonefrom the top of a precipice, and found that 
it was ten times as long in falUng^ as the found was 4n 
reaching from, the bottom to my ear. Required the height :■ 
admitting the defcent of gravity 193 inches, thefirjt andfe* 
cond found to move uniformly 1 142/ec^ eachfecond of time f 

Solution, 
Put 193 inches or 16-^ == a, 1142 bf then y/^i 1 z • 

V ^ • \h ^^c ^un^ the body was in falling to the bottom, 

and & : 1 : : X : T9the timethe found was inretuming; whence 

o 

lOx ^, . r • L t.rj ^^*' *.. u n* 

-— =s -j ^ : by fqoarmg both fides — n— =5 - X by • 

b* 

ftnd a% 100 «*• = b*x; whence x = — — =810 .87^ 
feety the height required. 

QUESTION XZIV. 

Query : two numbers whofeprodud is equal to the differ^ 
ence of their fquares, and thefum of their fquares equal the 
dijference of their cubes f 

Solution. 
If we put nv and v for the 2 numbers, we (hall have n* v^ 
— ©* = ;iv*, by the firft fuppofition, and ;i' t?' — v* = ti 
»* -|. V* by the fecond ; thcfe equations divided by c% be- 
come n* — 1 = w, and n^ v — t? =5 »* 4. 1 ; the firft of 
t)ie(e 2 equations tranfpoiedy becomes n^'^n =: 1 ; whence 

n = 



:215! 



SCFPLEMENT. 



nz=iy/\ .25 ^.5 = 1 •6ISO39 ; this put into th^ fecond 

equatioD, viz* n' v — r = n* + 1, wc get © =: ^"^ =r 

1 .11804| the leaft number, and nv=3 J .80902» the 
greateft. 

QVkftTION XXV. 

A Cfrtain officer had the command of thrtt compankSf 
Engfifh^ Scotch^ and Irijh ; and^ intending to makenn afididt 
"jiitk ont of the compttniesy iffaccefs attended Me promi/ed to 
di/ltibttte 141 1 guineas amongst them in the foUoiwmg pro* 
portion ; nameli/y tachfoldier thatjhould engage in the attack 
to receive a gtdnea, and the r^dme to be divided hetvoeen the 
other cortfpanies. NofOy had the Engiifhmttth ike qfkklt each 
foldicrofthe other companies would have recevcedhalfmgmnea; 
had the Scots made the qffault^ eackfoldier^the Other tomr 
ponies tvauld hate rcQcivcd the third of a guinea ; dnd had 
the Ir\lh made the ajault^ the others uvuld have received iht 
Jburth of a gtiinea. Required the number of/oldiers in each 
company f 

. Solution, 
PutXyy, and zr= Englifh, Scotch>and Iri{h> 1411 =0^ 



Then 

And 

Alfo 


1 
2 
3 




1X2 


4 


2J? + y + « s=«a» 


2X3 


5 


3y J^ X + z = S a 


3X4 


6 


4z + j: + y =4a 


6X2 
7— 4 

8X2 

9+10 


7 

1 

9 

11 


8z 4.2X + 2y = 8 fl 
7 z + y —6a 
32 — 2y = a 
Uz^2y — .12« 
17 z =13fl, and z =s 

^^ ** = 1079f and per 8 y =913, an* 

j:=4l5. 








' 
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aUESTION XXVI. 

A beautiful young lady being ajked by her^ Urcer 'what her 
age afid fortune wcrcy Jhe gave for anfweVy that her *age 
•was forty times the jjpmmon ratio, and her fortune an hun^ 
drcd times thefirfi term of an vifinite decreqfing geometrical 
feries whofefum mas 'Z\y and thefumof thefquares 192; 
hut her lover, being wiable to refolve the dijiculty, dejires your 
aOiffance* ' 



Solution, 
Put X the firfi teem, r the ratio, and m = 24) and n = 
192 ; th(Bp, per queftion, x^ xr j^ xr^ + xr^t &c., ad infi- 
nitum = m, and x"- 4- 41^ r* 4. x^ r* + x* r^, &c., ad infi- 
nitum =«; let the firft of thefe equations be multiplied by Tf 
and we fhall have xr -^xr* 4- xr^ + ar*, &c. = mrt which 
taken from the firlt, leaves x=zm — mr ; again, let the fe- 
cond be multiplied by r*, and we fhall have x* r* -|- x* r* 4- 
** r*, &c. ==«r ,• this taken froni the fecond, leaves x»==:^ 
— «r* ; but x=m — mr; therefore wi* — 2 w* r + «»* r* 

= n — nr\ whence m' + n X r* — 2 w* r = « — m*. 
In numbers, 768 r^ — 1152 r =:— 384, and by dividing 

by 768 we get r* =; — i> whence r s= 1| or |> ; 

but in thb cafe it muft be ^ ; whence a: = 12 ; then 40 X 
;! ;=3 2a, bar age, and 12 X 100 = 1200, her fortune;, 

QUESTION XX.VII. 

Thefrontofa houfe is offuch a height y thaty if a ladder of 
a certain kngth he placed at the difiance of l^ feet from it^ 
the t0p of the ladder 'u^illjnfi reach to the top of (he hottfe}\but 
if the ladder be placed 20 feet from the front y its top mUfall 
^feet below. Required the height of the haufe^ andthe lengj^ 
of^he ladder? 

Solution^ 
Put X th e length of the ladder; then by (47 , Euc. 1.) 

y V— 144, the height of the houfe j likewife y^j?* — 400 



214 svpplemcmt. 

4- 4v; thefe tw o mdft be equal ; that is, ylc^"^^^^^""*©© + 4^^ 

V **— 144 ; by fquaring both fides, 4^—400+8 y :r»— 400 
+ l6 =jf — 144, and by taking like q uantities fro m each 

fide, and by tian^Ction, we have 8 V x"— 400= 240, 
or \^* — 400 = 30 ; then x* — 400 = 900, and x* = 
1300, or j=y/i300 = 36 .054, the length of the lad- 
der, and'v^x* — 144 = 34, the height of the houfe. 

QUESTIOlf' XZVIII. 

Reqidred 2 nwrAerSy fitch, tliai if each he aided to 49, vtfi 
fMkt 2 mm^rsin the proportion of 6 to 5 \ ha ifeachfub-. 
traced from ^S^ the remainders Jhall be in proportion as 2 
toX 

Solution, 

Put a = 48, X and v the greater and lefler nnmbers 

then a 4. x : a ^ jr : : 6 : 5, that is, 5 x + 5 a == 6 j + 

6 a ; again, a — x : a — yi: 2 :3, or— '3 x -|- 3 a = 

52^ ^ 2 a. Multiply this laft equation by 3, and add it to the 

2 a 
former, and —4x4- 14a=:I2a; whence x= — =: 2-H 

4 

{lod jf is found equal to 12. 

QUESTION XXIX. 

Required the leaji number, uhkh divided by 3, 5, 7» 
and 1 1 rejpe^ivelyjhali leave no remainder ; but divided by 
I3,j}iallleavel? 

Solution. 

XXX X , X *"~ 1 

Put X for the number ; then -5 -^ -j -—^ and ■- ■ — 

3 6 7 11 13 

X 

aittft all be whole numbers -9 which =p ; X ^y 3, and x 

=s 3 o ; whence — j which X 2 = —5 which = p 4. -j 

5 5 5 

which = 5^ ; X by 5, and j> = 55 ; whence x = 1-59 

T" 



? 
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-^T^ «(^kich = ti-q 4- i, which == r, whence q±z7r^ and 

105 r. . 105 r ,. , 6r ,, ^ ^ 

«= 5 then ' ' " } which = ar + r-^-j which X 2 

r 11 * ^ 11 

12 r . ' r . 
= "TT-J which =: r -J j -which =; *• r 2= 11 f i and x 

.1^/ .ir— 1 1155^^1 «„, 11«— 1 

= 1 155 s, and — -- = = — = 884 $ 

13 13. 13 ' 

,^- u v> « A 22j-r2 , . . 9» — 2 
^^ich X 2, and i— « which *= 5 + ^ « 

' 13 ' ^ 13. ' 

which X 3 = — s=:2s + -7r~> ^^'^^ = '^" 

< 1«5 lo 

whence 5-^6 =r 13 /, or * = 13 ^ -fi 6. Now if f b^ 

taken =±: 0, 5 =16, and j? = 6930, the number required. 

QUESTION XXX. 

Required 2 numbers iii the pr,oporii<m of S to 2, fuchythat 
if the greater he divided hf 5, and the kq/i by 3, theyJkaU 
leave the remainders 3 and 2 9 

. Solution. 

2 X 'X ■■— 3 

, Put a: for the greater,. and — for theleaft ; then —3 

* -3 * ^ . ■ o ' 

which = ^ 5 whence x — 3= 5 pi or « = 5 p if- 3, an<l 

2x lOp -: . p. 

-i- = — =-j whence - 5 or p =3 9 g •• take a i=z t i 

then p:=99 and a? = 5 X 9 4- 3 == 48, the greater; confc- 

■ 2 X ** * 

^uently ••— . = 32, the lefs nuniber. 

QUESTION XXXt* 

' A per/on defirdus of knowing my agty 
. I made him this a/^en, his wi/k to qfiuagc : . \ 
Jfmy age^y twodividedjhouldbe, 
r The quotient inverted^ and added to three, 
My age^ Sir^ injigvres you'll certainly fee. 

Solution, 



ftl6 SUPPLXHSKT. 

Sohtion. 
: Let 2 X and £ jr be the figures in the tens ted imits' 
places ; theo 20 x + 2 jr will reprefent the age, half of which 
is lOx+jr; inrcrted, IOJF4. ar=20* + 2jr — 3, that ii| 

:, 19* — 3 ^ S X — 3 

8jr = 19Jr— 3,orjf= = 2x + g-^ 

X — 9 . * X — 1 
X 3 = ' '9 which = X — 1 ^ > which r= 

p /whence x = 8 p + 1: take p= 0, then x = 1; whence j^ 
is readilj found = 2: then 20 X *+^ X /= 24, the age 
requited. 

QUBSTION XXXtU 

If 20 birds f xjooodcocks, fnipes, and fparrmvSy cqft 20</., 
eaai xcotMfcock 4d.y eachfnipe li/., and each/par row ^d.^ k(m 
manyof tack fort vitre there f 

• Solution^ 
Let X, J, and «, reprefent the woodcocks, ihipes, and 
Q)arrows ; then • 
X + jf + » = 20 

^x+j'-f- =20 J multiply this laft by 4, and 
4 

ig X -f 4 jr -f » = 80; from this take the firft equation, and 

15xJ^-^f ' =7 tfO : divide by 3, and we get 

5 X + y = 20 ; f , and 5 X = 20 — v, or 

X = -z^ 3 • whence it appears that 

6 

y naay be 5 10 or 15 to give x a whole number, 

correfponding 3 2 1 

swill be 12 8 4 

N. B. For queftions of this kind, fee Bormycaftle's 
Algebra^ a Key to which will fpeedily be publiflied. 
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fttJESTioK xacxiir* 
To Skidt a gkenfquarey admit 25 into ttcofquaregf 

Solution^ 
Put 5 — M and mx for tlie fides of the two fquares, t]i«i 
25 — 10 a? -f. «* + w"^ a?' = 25 per queftion; then by 
taking 25 from each fide> and tr. 10 a:, we get m^ x^ + a^ 

= lOx ; whencex =3 • If « = 2, * =s 2, and 5 

•-^ « and »2« become 3 and 4. 

QUESTION XXXIV. 

To diridt 6 given /quare, as 25, conjiftmg of 2 fcnOiPfl 

fquares 3* and 4", iw^o fwo other fquares ? 

Soluthfi. 

Let rjr •— ' 3 and 5Jf — 4 be the roots of the two ouier 

fi|aares, then the fquare of thefe two added together is r 

df» — 6 rj? + 9 + ** ;c^ -- 8 50? + l6 = 25 per queftion : 

by taking 25 from each fide, and ip, we get r» a?* -|- ** af* =3. 

, € r« + 8 «J?, and by divifion x = — - -^ where r and 

« may be any numbers taken at pleafure, provided they be 
not in the proportion of 4 to 3* 

» . >■ 

QUESTION XXXY. 

To find a number yfuch tkaty whether it he difmni/heJor 
ittcreafed hy 1, the remainder and/umJhaU be Mh/quares f 

' Solution. 

Let x^-f 1 be the number, then it is evident that one condi- 
tion is anfwered, and there remains to make x^ -f. 2^ into a 
foiiare ; let the root b? r — x, then x* + 2 = r* — 2 rx.A' -^ 
^i by taking like quantities fiom each fide, and f , we h%^ ' 

grargf*— 2x=:-^~;thenx*+l=: ^^^ ■ 
, r* + 4 -. ^ , 20 5 r„ 

X» QVXSTIOtI 
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QUESTION ZZZTI. 

Tojmd a mtmber, fuchjkaty if you add orfiAftra&iti 
rooty the f urn or rancdHderJhailboth befquaretf 

Solution, 
Pat X for the nnmberj then x* -f x and j?» — « : by the 

firft aflutnption «*4-x=:D=r — x =:r* — 2rj: + 

X* ; whence by f, and rejeding x*, we have 2rx + x= r*f 

r* r* — 2 r^ — r* 
or X = •} then a?* — x becomes z 

Rejeding the denominator^ being a fquare, and dividing'by 
r^ as two (quaresy whether multiplied or divided, always 
produc e a fquare» and we have r* — 2r — 1= □ = 

« -^ r = ** — 2 «r -J- r* 2 reje&ng r% and tranipoSng, we 

gat 2 «r ««» 2 r = 5« J. i, and by (tvffion r = — 3! — 

^ -^ 2*~2r 

If J =: 2, r = -, and = x = -—• anfwer. 

2 2 r + 1 24 

QUESTION XXXVII. 

^tf I was vcalking out one evening ^ I obfcned a per/on at 
a difianct dropping afione into a coalpit : the noije that it 
made by Jtriking agcunjt the bottom reached my ear exa^ly 
in one third of' the time that the Jione was in falling ; and 
the per/on at the brink of the pit heard the found onefecond 
Cooner than I did. Required the depth of the pit ? 

Solution, 
Put 3i'= the number of fqconds theflone was in falKng; 
g= l6^, the diftance a heavy body falls the firft fecond; 
a{=: 1142. the dillance found moves in one fecond ; then 
X — . 1 is the time of the found's returning to the brink of 
the pit, becaufe the time of the found's returning to the pro. 
pofcr w as — \ , the time the (lone was in falling : confe. 

queiitly x — • i X «» o'^ <*J? -^ flfi = the depth of the pit ; 

but. 
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but, by the laws of falling bodles,^ Sx X S x X g -zii^gs^ 
ssE the depth thereof; that is, 9 gx^ = ex — ' a, or x^ — 

— ^ — — : this quadratic refolved, gives x = 6 .71447> 

and 1. 17499. Making ufe of the latter, the former being 
incredible, and uking 1 therefrom, we have 17^^99 X X5*2 
= 199 .83856 feet, the depth required. 

QUESTION ZXXVIIX. 

A per/on hath a nght-angled piece of land ; the length 
forty yardsy and the breadth thirty yards : this he tmnild 
convert into a garden ; hutjinding the fame m winter ta be 
flooded, he would hare the fame raifed one yard over the 
whole Juperficies. Now it is refolved to make a ditch rowid 
the fame <! which Jhall be two yards deep, fo that the ditch 
may remain of equal breadth and depth, till fo much earth 
coiaes out of the fame as will raife the whole fnperficies with- 
in the ditch one yard higher. How broad mufi the ditch 
bet 

Solution, ' 

1 Put X =r= the breadth fought, 

2 40 — 2 X = the length, 

3 30 — 2 a? =; the breadth, 

4 12 X* — 420 a: =: — 1200, 

5 X* — 35 j: = — 100, 

6 «* — 35 X + 3 06 .25 == 206 .25, 

7 X — 17 .5 = V^206 .25 = 14 .361406, 

8 1 X = 3 .1385^4, the breadth required. 



rcNis. 
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H;^ VARIOUS CluefHoos concerning f^are cubea^ 
8cc.f are introduced by Mr. Bonnycaflle in his Algebra, 
being a book defigned for the ufe of fchoolsi and is the mof ^ 
complete queiiiun book ever offered to the pnbJic; but the dif* 
ficulty of a great part of the quedions has been a greftt reafon 
why Algebra has not been lo fiudied as it otherwife would 
have been, as many maimers are unable to explain the diffi- 
cult parts, fo as to render them intelligible to a icholar ^ 
to obviate that difficulty, a Key will fpeedilv be publiih- 
ed, in which every queftion in that book will oc worlced out 
at full length, and rendered as plain as its nature will ad- 
mit, by H'illiam DaviSf the Editor of this Work* 
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